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ABSTRACT 
TIMOC is a Monte Carlo Code for the solution of the energy and 
time dependent (or stationary) neutron transport equation in 3-dimen-
sional geometries. It is written in FORTRAN II and FAP and can be 
operated on the IBM 7090/95. The program can treat all commonly 
used scattering kernels, such as : isotropic and anisotropic elastic 
scattering, level excitation, the evaporation model, the energy transfer 
matrix model, which includes (n, 2n) reactions, absorption and fission. 
After each collision process the neutron history gets assigned a discrete 
energy value. The nuclear data input is, however, done by group 
averaged cross sections, which can be generated for any desired group 
structure from the ENDF/B library using the CODAC code. The geo­
metry routines of TIMOC are exchangeable. At present the following 
subroutines are available : a) periodical multilayered slab-, spherical-
and cylindrical lattices, b) an elaborate 3-dimensional cylindrical geo­
metry which allows all kinds of subdivisions, c) the very flexible 05R 
geometry routine, which is able to describe any body or bodycom-
binations, with surfaces of the 2nd order. 
TIMOC can generate the neutron fluxes either resulting from an 
external source or their fundamental mode distribution by a special 
source iteration procedure in eigenvalue problems. The sampling of the 
eigenvalues (multiplication factor, mean production and mean destruc­
tion time) is based on the life cycle point of view. 
The code is equipped with several unusual variance reducing 
methods which can be applied optionally. In addition, a special feature 
allows the calculation of small perturbation effects. It is based on the 
method of similar flight paths and does not depend on the total variance 
of the considered quantity. 
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1. INTRODUCTION *) 
The necessity of performing neutron transport calculations of complicated 
threedimensional geometries initiated the development of the TIMOC code. 
Since the multigroup treatment of such systems by classical methods is 
beyond the capacity of contemporary computers, it was concluded that there 
exists a considerable incentive for the development of a Monte Carlo code. 
The Monte Carlo method allows the transition to a higher number of dimen­
sions in phase space at the cost of only a linear increase in computing 
effort. In addition, there has accumulated some considerable experience 
in the formulation and application of Monte Carlo methods in connection 
with the FF-MOCA (1), the MOCA-2 (2) and M0CA-2A (3) code, which calculate 
fast effects in thermal systems. It was on the basis of these programs 
that in 1963 the development of TIMOC (for the IBM 7090), first described 
in (4), has begun. 
In addition to infinite slab and cylindrical lattices, TIMOC handles 
spheres and an elaborate finite cylindrical geometry which allows all 
kinds of subdivisions. There exists also a version of TIMOC which handles 
the 05R geometry routine. The nuclear data input is based on the multi-
group concept and most of the commonly used scattering kernels are 
available. It incorporates what we believe to be unusual variance re­
ducing methods, the efficiency of which is demonstrated in (5). 
The TIMOC code can be operated in several modes. They are basically dis­
tinguished by calculations in which a constant external source (in the 
case of stationary problems) or a o -burst (in the case of a time de-
*) Manuscript received on 16 June 1970 
pendent study) is of interest and those in which the equilibrium or funr 
damental mode distribution and the corresponding eigenvalues (multiplic-
tion factor and generation time) are required. Besides of the usual re­
actor quantities such as flux spectra, absorption, multiplication factors 
etc. much'emphasis is placed on the calculation of time dependent para­
meters. However the calculation of all these quantities is optional. 
In addition, the code is equipped with a special feature allowing the esti­
mation of small perturbation effects. This makes it possible to calculate 
independently these differential effects in any of the parameters computed 
by the code because the variance of the differential effect does not depend 
on the total variance of the considered quantity (reactivity, generation 
time, etc.). 
Experience has shown that the TIMOC code can be used for complete reactor 
analysis and design studies (6), (7), (8) as well as for the study of more 
academic problems (9), (10), such as the influence of certain approximations 
or scattering kernels. It has also proved very useful as a provider of test 
results for the verification of other analystical or numerical approaches (4), 
In order to facilitate nuclear data input TIMOC had been linked up with the 
ENDF/B cross section libraries. For this purpose the CODAC code (26) had 
been developed. It allows to generate group averaged nuclear parameters in 
the Format required by TIMOC. 
2. MATHEMATICAL FORMULATION OF NEUTRON TRANSPORT IN THE MONTE CARLO THEORY 
2.1 Stationary Problems 
For the description of neutron transport phenomena by the Monte Carlo 
technique one frequently uses the integral form of the Boltzmann equation 
which is a Fredholm integral equation of second kind; 
y(x) e K(y—x)jp(y)dy + S(x) . (2.1) 
κ 
For a general description of the neutron transport equation in this 
form we refer to the standard literature (Ί2). Apart from an explana­
tion of the symbols appearing in Eq.(2.1), only those quantities needed 
later for describing the particular Monte Carlo techniques of interest 
will be defined in detail. 
In the case of stationary neutron transport the symbols of Eq. (2,1) 
have the following physical meaning: 
χ = (,τ,Ε), the six dimensional vector in phase space, composed of 
the geometrical position vector _r and the energy vector 
E_ = E -J L. where E is the energy of the neutron and 
-1 >- the unit direction vector Q L. = 1 ) . 
y - dM'). 
VD (x) = Steady state neutron flux at x. 
10 
K(y—>x) = kernel describing the physical neutron transport properties, 
i.e. the transfer probability from point y to point x. It 
can be conveniently separated into two types of functions, 
one embodying the velocity changes and the other dealing 
with changes in the spatial coordinates. The velocity change 
part can be split into a collision kernel C and a fission 
kernel F: 
K(y^x) = [C(c;£'-*E)+F(r· Ε'-*Ε)1Τ(Γ^,Ε) 
The collision kernel C describes elastic and inelastic scat­
tering by the different laws of energy transfer to be dis­
cussed later. The fission kernel F is the product of the 
macroscopic fission cross section y , of the (incident) 
neutrons, the yield factor V and the energy and direction 
distribution function /(, of the secondary neutrons: 
F(r',EUE) = WE')i;(r;E')X(E). 
The kernel Τ is the well known exponential degradation func­
tion for particle transport. 
Idr'SV,E)T(rUr,Ei , S(x) - J Ctr O \L)L·' ' vL~*Ljt' which describes the uncollided 
neutron contribution to each phase space point χ from the ex­
ternal source S (rjE_). 
Six dimensional integration space which can be split into 
the geometrical space B, the energy interval E . to E 
6 * ' bJ min max 
and the velocity direction space Si. 
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In the theory on which the Monte Carlo solution of Eq.(2J.) depends (13) 
one usually requires the conditions S(x)>0 and 0 4 J K(y_». x)dx < 1 for 
all y € R to be satisfied in order to obtain convergence. The first 
condition is satisfied for systems with an external source but not for 
eigenvalue calculations such as that required for a critical assembly. 
The second condition holds generally only for non multiplying systems. 
In order to get a general method which treats both fission and eigen­
value problems we split the kernel K(y-»x) of Eq.(2J) into two parts. 
The first, D(y-+x), describes non multiplying neutron transport and 
the second, P(y—»x), describes all neutron multiplying processes: 
y(x) = jD(y->x)y>(y)dy + jP(y-*)<p(y)dy + S(x) (2.2) 
where 
and 
D(y-*)- C(r; EUE)T(r-r.E) 
P(y-*) = F(r',EUE)T(mr,E). 
The method of solving Eq.(2j2) is based on the physical analogue of sub­
sequent neutron generations. The neutrons of the initial source S(x) 
are scattered in the system until they are lost byabsorption or leak­
age. In the case of fission they create the source distribution of the 
next cycle and so on. In mathematical terms this is the well known 
source iteration procedure. It can be obtained by splitting Eq.(2.2) in­
to a system of coupled integral equations of the form: 
12 
$(x> - J]HY*X) y (y)dy+S¿Cx) ( 2 . 3 ) 
where 
S, (χ)« S(x) ( 2 .4 ) 
and S^ Cx) = JP(y-*x)vfr_/y)dy , i=2·3··· ( 2 ·5 ) 
In each equation (2.3), the following conditions are satisfied: S (x)>0 
and 0 4 J D(y—>x)dx <1 for all y € R . All equations (2.3)are neutron 
transport equations for a non multiplying medium and can therefore be 
solved by ordinary Monte Carlo techniques (13), 
The summation of all ID.(x) leads to 
Σ $(x) = lDCy*x)Ztf.(y)dy + JPly-Æ^dy + 
■R <·■< ­R * e 1 
+ S(x) - |P(y-x)%(y)dy . <2·6> 
"R 
As will be shown later, if the reactor is subcriticai the sum 
V'vOjCx) =(£>(x) becomes a solution of Eq.(2.2) and P(y­»x)vpN(y)dy—*0 
as Ν—»oo. If, however, Q> (x) converges to <i>N(x) *°r N—»oo, 
i.e. if the value of vD (x) does not change for higher iterations, 
then ψ (x) becomes a solution of the following homogeneous inte­
gral equation which describes a just critical system: 
13 
%(x)eÍD(y-*x)yN(y)cly +JP(y->x)cpN(y)dy. (2.7) 
The splitting of Eq.(2.1) into neutron generations reflects the actual 
calculation mechanism of the Monte Carlo techniques described here. 
The source iteration procedure makes it easy to calculate character­
istic reactor parameters and to formulate a convergence criterion for 
the method. 
The ratio 
^-JSu/x)dx/fSi(x)dï 
Tí / -R 
(2.8) 
It . , , II is the multiplication factor between generations i+1 and i and 
can be obtained in this form as a sample value. When, after some 
cycles, the fundamental mode or equilibrium distribution is reached, 
then k. . = k. , ϋ)α(χ) = k. (Ω. .(χ) and lim k. = k ,, becomes the i-1 i J i i ji-1 <-+οο i eff 
parameter for stationary criticality (14,15). If k - _ Ό > Eq.(2.6) has 
oo e** 
a solution, since the sum ¿_ψ. (χ) has a geometrical series as an 
upper limit. In the case where k ­­^1 the procedure diverges, i.e. 
the calculated assembly is supercritical, but the method can also 
handle such problems if an artificial reduction parameter is used. 
In addition to the stationary multiplication factor, defined by Eq.(2.8) 
the dynamical multiplicatkxi factor can also be obtained easily as a sample 
value. It is the average multiplication factor of all neutron genera­
tions, defined by: 
14 
Kff(dyn) ={Σ S^MOIXAJ St(x)dx . RH / ­R i=1 (2.9) 
2.2 Time Dependent Problems 
In the study of problems of reactor kinetics, the mean neutron life­
time and generation time are among the most important parameters. In 
order to evaluate these quantities, it is necessary to introduce the 
time variable explicitly into the Monte Carlo calculations. 
In order to avoid confusion over the meaning of the term "neutron 
generation time", we recall here its basic definition (16^, based on 
the "neutron balance" point of view. According to the elementary for­
mulation of reactor kinetics, we have: Number of neutrons produced 
per unit time minus Number of Neutrons disappearing per unit time = 
Ol t I N (2. IO) 
where k is the neutron balance multiplication factor (16). Eq.(2.10) 
has the well known solution 
N(t)­N„exp(^t) . 
The neutron generation time is simply the constant [ appearing in 
these formulae. From eq.(2JUL) , the experimental determination of ¿ 
15 
is achieved by observing the decay rate associated with a particular 
k . In the Monte Carlo programmes described in (17) and similarly in 
(1 ) this method is used for the determination of the generation time 
and is called the "census taking"procedure. 
Another way of defining the time eigenvalue is based on the so-called 
"life cycle" point of view. In this definition one refers again to the 
picture of successive neutron generations and defines the time eigen­
value of a multiplying system as the average time distance between two 
generations. It is this definition which is used in the present work 
owing to the great ease with which it can be extracted as a Monte Carlo 
sample value. 
In a system which has already reached fundamental mode distribution 
the number of neutrons of the n'th generation is given by (16): 
N^N.C «·"> 
If T-pnis defined as the average time between two successive generations, 
the 'time between the first and n'th generation is t = (n-l)Tp^ . Sub­
stituting this into Eq.(2A2) gives 
N (t) = N, beff (2 .13) 
or 
1 dN e Inkeff 
N d t t?* 
and if k _. is close to unity Eq.(2j.4) can be approximated by: eff 
16 
dN beff-1 M 
­ — = — — (SJ (2.15) 
which is identical with equation (2.KÎ and implies that Tpn= c and 
k = k . As will be shown later, the Monte Carlo procedure pro­
vides a direct and very exact estimate of the quantity TB». 
It should be pointed out clearly here that the definitions of 
both k ­_ and k .. (life cycle and neutron balance) and therefore eff eff 
also of Tpnand I are different. Only in the case of a nearly criti­
cal system ( rv + 4% from criticality) the numerical values of the 
quantities obtained by the life cycle point of view and the neutron 
balance point of view coincide. In systems where the multiplication 
rate differs by a larger amount from criticality, the only invariant 
quantity is the decay constant Cv , which in neutron balance calcula­
tions is given by: 
I 
and in life cycle calculation by: 
­ι Inkeff ( 2 · 1 7 ) 
OL ~ 
These considerations will become important when we compare numerical 
values obtained by different methods. 
In order to calculate the quantity X­M, i.e. the mean time between 
the (i­l)'th and i*th generation, it is assumed that at t = O a neutron 
population of the energy and space distribution of the (i­l)'th gene­
17 
ration is inserted into the assembly. Only the die-away of this popu­
lation is of interest and the estimates of the time dependent parame­
ters are therefore carried out for this one neutron generation. 
The relevant form of the transport equation is : 
tft(x,t) = jdyjdt'oit-f- !^)D(y^x)«f.(y,f) + 
K 
+ S;(x)S(t). (2.18) 
The solution of Eq.(2J8) is equivalent to the solution of Eq.(2.3) with 
the only difference that the time variable is added to the phase space. 
In physical terms Eq.(2JL8) means that a neutron population with a dis­
tribution S (χ) is inserted into the reactor at t = 0. It has the solu­
tion ψ.(χ,ΐ), which means that sample values of each neutron history 
are taken as a function of the time from the moment of insertion. 
For simplicity we shall assume in the following that the i-th neutron 
generation always represents the fundamental mode distribution so that 
the index "i" can be dropped from all quantities except U).(x,t), where 
it indicates that ¿Just one generation is considered. 
Two sample values which can be obtained from the solution (D.(x,t) 
will be of particular interest. One is the time dependent build up of 
the source neutrons S (x,t) of the next generation, which we call 
here Ν (t). The other is the time dependent neutron loss of the gene­
ration under consideration described in the following by Ν (t). If 
Ρ (χ) is the appropriate production kernel and D (χ) the absorption 
18 
leakage kernel , i . e . Ρ (y) = P(y-»-x)dx and D (y) = 1 - D(y-*x)dx and 
then we can write: 
N p / t ) = ¡?*U)fi (x,t)oLx <2·19» 
o r : 
Ν#) = JJdrdE v(E)Ef (r.E)^.^^^)· (2.19b) 
Similarly, if D (χ) is the absorption and leakage kernel, then the des­
truction rate is given by 
(2 .20a) NM(t)=|D*Cx)ip.(x,t)dx 
o r : 
NDEW=j]drdE Zjr.E^.ír^t) ïJgrad^.^E.tids'2·20^ 
* Β 
The first integral on the right hand side stands for the time dependent 
neutron loss by absorption (^ >, is the macroscopic absorption cross 
ει 
section) and the surface integral for the time dependent neutron loss 
by leakage through the outer boundary η being the normal to the sur­
face and ds the surface element. 
By the usual first moment calculations, the time averages of Ν (t) 
and Ν (t) can now be evaluated. 
The first time moment of Eq.(2JL9) has the form: 
19 
00 / C O 
Χρκ= JdxJtdtP%)^(x,t)/|dxJdtP\x)yxx,t) 
where 
OO 
jdx jdt?*(x)y.(x,t)= feeff JSiCx)dx C2.22> 
* ° κ 
if one makes use of the relations (2*5) and (2.8). The value Tpcan be inter­
preted as the mean time necessary to build up the next following neutron 
generation. It corresponds therefore to the generation time definition 
of the "life cycle" point of view. 
The time average of Eq.(220) has to be interpreted as the mean time 
a neutron stays in the assembly under consideration. It is defined as: 
τ κ = Jclxjt d t D*(x)<f. (x,t)/[ S^(x)dx <2·23) 
where, for physical reasons: 
00 
ÍS.WoLx ={dxIdtD*(X)y>.Cx/t). ( 2 · 2 4 ) 
■R H ° 
It can be seen that there is generally no relation between T_and "Up 
unless 
J [P*oo ­ke«l)fcx)]<fi(x,t)dx = 0 <2.25, 
* for <j>.Cx,t)+0. 
In this case Tra* TJMC. This condition is only satisfied for certain 
calculâttonal models or material compositions. 
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It is worth mentioning that in the usual "neutron balance" method 
of calculating a time eigenvalue, the generation time is defined by 
a relation using the concept of "importance": 
ir^V,E.)^r,E.)cLrdE 
ífatr, E)%(E)drdE j]v(E)Zf(r; E') y(r', E')dr'oLE' 
(2.26) 
where the notation of Usachoff (14) has been used. The importance func­
+ 
tion or adjoint flux is denoted by *P(r_,E) in this expression. The 
quantity corresponding to I from the "life cycle" viewpoint is the 
parameter ~Zpa while the quantity Tjd 8 matched in the neutron balance 
~l + 
framework by a parameter (, obtained by setting lP(r_,E) = 1 in Eq.(2.26), 
i.e.ι 
SS^(Lg)drdg 
| as *—li= (2.27) 
íív(E)Ef(r,E)í(r,E)oLrd£ 
Only for one velocity, infinite medium calculations do the quantities 
\ and \ become equal, since in this case Φ is constant. It can be 
shown easily in this case that Eq.(2.25) is also satisfied, with the 
consequence that "£"™becomes equal to Ττνρ· 
The difference between X­p*and TpEcan be understood in physical 
terms from the fact that there exists no direct relation between the 
time a neutron stays in a system (for instance core and reflector) and 
21 
the time it needs for its reproduction. For physical reasons it is also 
clear that XxE^TpR.If Τ Τ Ρ = *^ 2>£» t n e l° w e s t possible neutron popula­
tion in a critical system is theoretically one neutron. If however 
~C­D¿> Xppthe minimum number of neutrons becomes ~C^/ TpR. 
22 
3. LIST OF SYMBOLS 
In the following chapters a large number of symbols are used. In order 
to maintain a certain consistency and reduce confusion, some rules have 
been established. In an effort to be consistent with conventional termino­
logy each symbol is, with very few obvious exceptions, assigned only one 
meaning. 
The rules are as follows: 
a) Single roman letters from g to n are used as counting indices only. 
The corresponding capital letters are the maximum indices to which 
counting is done. These letters refer to geometrical regions, iso­
tope mixtures and energy groups. In the symbolic flow charts the 
greek letters ot to ¿ are also used as counting indices. 
b) Single letters, apart from thosementioned above, and all greek let­
ters describe variables and functions. 
c) Double capital letters used as a subscript or superscript describe 
a nuclear reaction type or a sampling procedure, e.g. FI = fission, 
PR = production, RR = Russian Roulette, etc. 
23 
LIST OF SYMBOLS 
Symbol Meaning 
mass number of isotope k 
index for absorption 
free variable 
C = 0.6745 
boundary crossing 
index for capture 
index for collision 
A(k) 
AB 
Β 
C 
BC 
CA 
CL 
D 
DE 
E 
ED 
EL 
F 
F 
g. 
h, 
i, 
IN 
IT 
j , 
G 
H 
I 
J 
neutron track length (e.g. distance between two successive 
collision points) j cm I 
index for neutron destruction (e.g. absorption, leakage etc.) 
energy variable 
index for energy deposition 
index for elastic scattering 
inelastic multiplication factor (e.g. in case of (n, 2n) 
reactions) 
surface of region 
number of Russian Roulette games in a history or free counting 
index for partial cross sections like excited levels etc. 
counting variable for primary neutron histories 
counting variable for energy groups 
index for inelastic scattering 
index for the ITER*Version (eigenvalue calculations) 
counting variable for collisions; usually a function of h 
or n, i.e.: j = h(j) or n(J) 
24 
k, K isotope identification variable 
k multiplication factor, 
1, L identification variable for geometrical regions 
LE index for leakage 
LV index for excited level 
m, M identification variable for the isotope mixtures 
max maximum value of a variable 
n, N counting variable for secondary neutron histories 
Ρ probability variable; O^P^l 
PR index for neutron production by fission 
Q normalized sample value of a certain reaction rate (e.g. 
Q = mean number of absorptions per initial neutron in 
a system) 
r space vector 
R distance from a collision point to the outer surface along 
the neutron flight vector 
RR index for Russian Roulette 
s, S normalization variables 
SC index for scattering 
SD index for slowing down (e.g.: w neutron weight after 
slowing down below the cut off energy) 
t time variable 
T nuclear temperature 
TO index for total cross section 
V neutron velocity[cm sec 
Var variance 
W neutron weight 
χ ) 
I 
ζ ) 
y ' space coordinates 
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o¿ A counting index 
dg coefficients of the polynomial describing the energy 
dependence of y (mean number of neutrons per fission) 
d.., d ¿ coefficients in the formula for minimum variance com­
bination of two sample values 
(f | ,. counting index 
<5 ,Δ > 
^ fì) azimuthal angle 
λ 
Λ 
neutron flight length in mean free paths 
modified flight length in the ELP sampling procedure 
/^ average cosine of the scattering angle (lab. system) 
)T mean number of neutrons per fission 
£ random number equally distributed in (0,1) 
y normalization factor if Russian Roulett, otherwise O = 1.0 
& microscopic cross section 
}>"* macroscopic cross section 
X mean times (e.g. T = mean production time) or Fermi Age 
PR lA horizontal angle 
Y ( E ) energy distribution function of the fission neutrons 
ψ fractional generated neutrons 
ar_ direction of the neutron path 
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4. VARIANCE REDUCING METHODS AND SAMPLING TECHNIQUES 
As already mentioned in the introduction a number of variance reducing 
methods were incorporated into the TIMOC code. The basic idea of the 
different methods is described in the following and as far as possible 
reference is made to the corresponding literature. For simplicity all 
considerations are limited in this section to one geometrical region 
and one energy group. The extension to more regions and energy groups 
does not essentially change the methods. The method of Expected Values 
characterized by the introduction of weight factors, usually applied to 
decrease the variance of the absorption probability, was extended to ob­
tain better estimates also for the fission and leakage probabilities. 
4.1 The Standard Weight Estimator 
Instead of treating absorption as a random event, one assigns to each 
neutron history at its origin (t = 0) a weight factor W . At the j'th 
collision point a time distance t has been reached from the origin and 
the weight W. dt) (h is the history index) has the value h, j 
- Dh,g\ 
'h,jW- "dii r^/ou- / -r=rj Mt l ) v at)-w0iT?Jat-1*1 ΡΊΕ 
where D^ , is the geometrical travel distance between the collision 
point g-1 and g. D is picked from an exponential distribution, and 
is analytically given by 
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¿- i ­'TO 
and 
*« - Σ,Σ sci '—'το 
where Ρ is a random number uniformly distributed in (0,1). \ is 
the macroscopic total cross section, y ^ the macroscopic scattering 
cross section, and M ^  the neutron velocity (apart from a constant). 
Since frequent reference is made to this function we call it in this 
paper the "Standard"Welght Estimator". As will be shown later, several 
sample values can be obtained from it. They are referred to as values 
obtained by the "Standard Version" of the TIMOC code. 
4.2 The Russian Roulette Game 
The introduction of the "Standard Weight Estimator" as described above 
requires in many problems that histories are truncated to avoid calcula­
tions with parts of histories which have small weights and do not there­
fore contribute significantly to the results, though they consume large 
amounts of computer time. For this reason the sampling procedure of the 
Russian Roulette game is introduced and is shown in a simplified flow 
diagram in Fig. 1. At the beginningof each history the weight W is set 
to unity (W = 1.0). At each collision point the weight W. is multiplied o J 
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Fig. 1 Schematic flow­diagram of the 
Russian Roulette scheme used 
in TIMOC 
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by the scattering probability Ρ ^1.0 and afterwards a test is made to 
see whether the weight is less than some constant CRUS. If not, the 
history is continued; if so, the Russian roulette game is played by 
chosing a random number equally distributed in (0,1). If this is smaller 
than the weight, the weight is reset to unity (W ) and the history is 
continued; otherwise the current history is terminated and a new one 
started. This procedure means' that the weight is reset to unity with a 
probability W and to zero (termination of the history) with a probability 
(1-W), so that the averaged weight continued is W. 
Since this procedure is a statistical process, it has a certain error 
margin and one will find at the end of a calculation that the average 
number of neutrons lost, for instance by absorption and leakage, is not 
exactly the same as the number of neutrons introduced into the system. 
One can get rid of this inconvenience by a modified normalizing proce­
dure where the final results are multiplied by a correction factor O . 
Instead of only dividing by the sum of the initial weight HW (where H 
is the total number of calculated histories) one uses a corrected quan­
tity where the actual weights of the Russian roulette procedure are 
taken into account. This quantity is «*X.-£<> 
where G. is the number of times the weight factor W is reset to unity h 
during the course of history h. The quantity wf~ is the weight factor 
n» 6 
W, , at the moment the Russian Roulette game is applied (i.e. if the h, J 
weight of history h is ei er reset to W. or terminated). It can be 
n,o 
shown that the sum \ \ \ A / approaches on the average /[~\ \J · 
h g 'g 
The normalization factor takes the form: 
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Σκ,0+ Σ ( 6 χ 0 - Σ < ) = Σ Σ(κ , 0<) h h g y h g '9 
where 
O 
T?R\ , / ,-RR 
g=o 
ko-wh;)=K,0-<=K,o-wh„ 
and 
g=o 
The correction factor O reads then 
g ?=HW0[ZIHc-wh ). h g 
The introduction of this correction factor O looks rather arbitrary and 
even doubtful. A justification can however be found in the fact that one 
can either normalize by the number of neutrons started during a calcula­
tion or the total number of neutrons lost (by leakage, absorption etc.). 
Naturally these two quantities have to be identical except if Russian 
Roulette is played, where they show statistical deviations. A correction 
by the factor Û is therefore nothing more than a normalization by the 
number of neutrons lost. In calculations of non multiplying media and in 
eigenvalue calculations it results in the fact that all losses add up to 
unity. 
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As shown by Rotenberg (19) some attention has to be given to finding the 
optimum value of CRUS. In (19) it is stated: "Theoretically it should be 
1.0 since then at each collision a large weight is being processed. Ac­
tually the cost is slightly decreased when CRUS is in the range 0.4^CRUS 
■4 0.75 (depending on the problem to be solved) because the time taken to 
initialize and terminate a history is not negligible and also because, 
although a small CRUS causes more time to be spent in processing parts 
of histories with small weights, it results in a smaller variance". 
4.3 The Method of Fractional Generated Neutrons 
During the die away of the neutrons of one generation, new neutrons of 
the next generation are born. In the TIMOC code these are treated by the 
Method of Fractional Generated Neutrons. Fractional neutrons are gene­
rated at each collision point and for each fissionable isotope k as a 
function of time. They are then accumulated for each isotope separately 
until their sum reaches the magnitude of the initial weight factor, W , 
or (depending on the option) the value of k which is periodically 
estimated during the calculation. Thus, the weight ILJ ,{R) which is gene %ß 
rated up to the h ­th history, can be expressed by 
*>* 
l ^ (b )W h > g H m o d (W0 or keff) (4.4) 
h=1 g=1 ' ] 
where ΓρΚ(κ) =y(k)x ,çSM/2_^ and k is the i s o t o P e Index. 
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For further information see (2). When ψ # . (R,) becomes equal to or 
greater than W or the estimate of k , the neutron position and other 
characteristic parameters (such as the time etc.) are stored in a buffer 
storage and iL), * . ( R ) is reduced by W or k ... The current history Τ h Λ ° ef f 
is then continued normally and the accumulated supply of fractional neu­
trons identified with a new neutron. The history of this neutron, how­
ever, belongs to the next generation and is started according to the pre­
viously stored information. In the present version of the code, the buffer 
storage accepted the characteristic parameters of 400 secondary neutrons. 
4.4 The Method of Expected Leakage probability 
This method may be used as an optional version in the TIMOC code. For 
simplicity we describe here the principles of the ELP method for mono­
energetic neutrons in a homogeneous one region sphere. The extension to 
more complicated geometries and energy dependent scattering kernels is 
rather obvious. 
In the Analogue Monte Carlo technique a neutron history would be fol­
lowed from collision to collision until the particle leaks out of the 
assembly, at which point the history is finished. The time dependent 
neutron distribution function and leakage rate are obtained by taking 
samples ät appropriate points along these flight paths. 
In the method of Expected Leakage Probability this random process, which 
is a direct picture of nature, is changed. Instead of thinking of the 
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neutrons as they really exist, we group them into hypothetical "batches". 
The behaviour of the neutron population is then described in terms of the 
" l · . J. 1 » * history of these batches. To each batch we assign a weight factor W, a 
time t* and a direction vector _lu when the batch starts or emerges from 
a collision point (see Fig. 2). The weight factor W is split into two 
parts corresponding on the one hand to the proability Ρ that the batch 
SC 
makes its next collision within the sphere along the direction vector 
R S L and on the other hand to the probability Ρ that the batch escapes 
from the sphere. 
Using the well known exponential degradation function 
?(x)dx­XToexp(­2Tox)dx, 0<x<R, «.·> 
one obtains for the leakage proability 
R 
PLE-i-"PK-HPWdx-exP(-ZTOR) (4.6) 
where /_,Trds the total macroscopic cross section of the sphere and R 
the distance from the starting or collision point to the outer boundary 
of the sphere along the flight vector j¿ · 
From every collision or starting point, it is supposed that a weight 
Ρ w = W leaks out of the system while a part P0_ W is retained, cor­LE bL 
responding to the occurrence of a further collision somewhere on the 
flight path T\J¿ . For the latter, retained, part of the neutron batch 
there exists the following normalized exponential distribution 
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PWx­Ç"eyp(­Yv)d*, 0<X4R. R SC (4.7) 
The migration distance for the random walk process of the neutron batch 
remaining in the assembly is therefore given by 
A- - Σ ln(1-PJ) (4.8) TO 
where £ is a random number uniformely distributed in (0,1). 
Applying, in addition to the standard weight estimator, the Method of 
Expected Leakage Probability", the time dependent weight factor can be 
expressed by 
W . . ( t ) = W0 
■Λ1 
i-1 
ρ5ε[ι-βχρ(-Στ<Αϋ 
Λ, 
4=1 I h 
(4.9) 
where R is the distance between collision point j and outer boundary n» J 
of the assembly along the direction of the neutron flight path, exp(­¿_,TQ· 
■R. ) the corresponding leakage probability Ρ and jf\ the distance 
π, j US η » J 
between collision point j­1 and j calculated by Eq. (4.8). The function 
W (t) is called the "Expected Leakage" Estimator. Sample values obtained η, l 
by this weight estimator will be referred to later on as the results from 
the Expected Leakage Probability (or ELP) version. 
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The application of this technique (ELP) has the result that a neutron 
history is never finished. However, in practical calculations one is 
only interested in the behaviour of the population within a certain 
finite time range. Thus it is quite obvious that all neutron histories 
must be terminated when their total duration t satisfies 
t >t max 
where t is the maximum time of interest in any particular problem, max 
The description of a neutron population on the basis of the above scheme 
permits the sampling of any quantities of interest whatever. The time de­
pendent leakage, collision density, absorption etc., all are equally ac­
cessible. Since the time dependent leakage Q (t) is of particular in­
LE 
terest for comparisons with experimental measurements, the sampling for­
mula for this quantity will be given explicitly: 
H 3 
QLEct)=lZlTT(i-ÖlPhLE H M 4 h, 3+1 
JVÎYE VE (4· ΙΟ) 
,Le where Ρ, is the leakage probability after the (j­l)'th collision in 
the h'th neutron history. The ¿> function shows that the time t is fixed 
J ,/—' 
by the path lengths ^ D h + Rh Ί+1 a n d t h e v e l o c i t v II F · 
With regard to the calculation of time dependent leakage,one can already 
see from the above discussion that the ELP is more powerful than the AMC 
method for the following two qualitative reasons: 
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Each neutron history can be carried on for any desired duration in time, 
in contrast to the AMC method where a history is finished when the par­
ticle leaks out of the assembly. 
At each collision point one gets a contribution to the leakage, whereas, 
in the AMC method each neutron history contributes only once to the leakage. 
On the other hand, some additional computing effort is required in the ELP 
method because of the need to evaluate an exponential which is not present 
in the AMC. The extra computing time involved is not, however, important 
for the cases of interest. 
4.5 Semi-Systematic Sampling 
This method is a general and powerful variance reducing method which can 
be applied where tables of equal probability intervals are used. A general 
description of the method has been published by Steinberg (20). The basic 
idea of the method consists in choosing a pseudo random process which en­
sures that during the course of a calculation each probability interval 
is taken with the same frequency. In other words, a certain probability 
interval of the same variable can only be used a second time if all other 
intervals were already used once and so on, which results in a random per­
mutation of the intervals. In the TIMOC code, semi-systematic sampling 
is used, for example, in the determination of the exponentially distributed 
neutron flight path and the starting energy of primary and secondary neu­
trons . 
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4.6 Double Sampling for Multiplication Factor and Absorption Calculations 
For the calculation of the multiplication factor and the absorption, two 
nearly uncorrelated sampling procedures are used and their results are 
combined by a procedure which minimizes the statistical errors. Since 
the multiplication factor and total absorption are time independent quan­
tities, we shall drop the time variable for convenience. This is equivalent 
to an integration over the considered time interval. 
One sampling method follows the usual technique of calculating the ab­
sorption and fission probability at each collision point and normalizing 
the sum. Thus: 
H 
c o l l 
fepff = ^ΣΙΣΚ,^/Η^ PR ( 4 . 1 1 ) 
and 
coll J ± / J L AB \ / 
( 4 . 1 2 ) 
— ' ' n 4 " ' ' h . i H / / ' vv° r 
where H is the total number of histories handled and j the number of col­
lisions a neutron makes during its history. W. . is the "Standard Weight 
Estimator" (4.1) or the "Expected Leakage Weight Estimator" (4.9). 
The second sampling method makes use of the flux calculations which are 
carried out simultaneously with the course of a history. At each collision 
point (or boundary crossing) the actual neutron track length is calculated. 
This length is multiplied by the current weight of the neutron and the pro­
duct is recorded as a function of the geometrical region and energy group. 
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Thus denoting the track length between two collisions by D , the sums 
Ö j 
Σ Dj Vi over all collisions are collected and the contribution from 
the track length between the last collision and the outer boundary R W 
is added. After dividing this sum by the number of histories one obtains 
the volume integrated flux. This method is in some cases more powerful 
than the usual one where the neutron flux is calculated from the colli­
sion density. It becomes evident if one thinks of void regions in a 
reactor. According to the above prescription, one obtains for the "Stan­
dard Weight Estimator" (4.1) the following expression for the flux: 
Φ=Σ [(έ I\Í K ^ M X J / W 
where V, is the volume of space region 1 . 
(4.13) 
If the Expected Leakage Estimator is used, two contributions to the 
flux have to be considered. One is the path length D between the col­
lision points and the second is the distance R between the collision 
point and the outer boundary of the assembly (see Fig. 2). In this case 
the flux estimator becomes 
H *"­£(|AKi+vcybw ï (4.14) 
where 
<Γ^ίΐ!^[ι-βχρ(-ΣΤΰ^4 (4.15) 
1 ^ T o i \ h , j - i ¿ 
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and rH 
κ;;=κττρ.^βχρ(­ΣΛ,­1 
Lg=i 
jeyp(­ZTOR ). r 
(4 .16) 
All reaction rates are obtained by multiplying the flux value by the cor­
responding macroscopic cross section. This leads, for instance in the case 
where the fission rate or the absorption is calculated, to a sample value 
which is independent of the one calculated by Eqs. (4.11) and (4.12). 
Using the "Standard Weight Estimator" this second sample value for the 
multiplication factor is obtained by the relation: 
flux 
keff­
r H 
h=1 i­i 
and for the absorption: 
D ^ K ^ H Æ J + K X Æ J / W O («.m 
«u. μ 
It can be calculated at almost no extra computer cost, since all the para­
meters which are needed have to be calculated anyway. Results show, how­
ever, that by the combination of both estimates one can obtain a decrease 
in the probable error and a significant improvement in the results. 
As is known from the theory of statistics, the two sample values of the 
same quantity (for instance k ..) can be combined in an optimum manner 
eff 
if one knows the variance and covariance of both samples. For this pur­
pose one has to calculate at the end of each history the quantities 
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COU -Ξ-
κ - Σ ^ Ρ Β 
and 
(4.19) 
ί"1 -r1' ζ — » F I 
and to combine the squares in the following manner 
2 . . c o l i v i 
oy. 
nA-/.coUv2 
h-1 / J 
FI 
(4.20) 
(4.21) 
f lux, r Η f i lavi 
Var(Q--I(Q/HW -(O. 
uh-1 
f lux v2 
(4.22) 
In the same manner one can calculate at the end of each history the corre­
lation factor from which the covariance can be calculated: 
coll .flior / c o l l . flux 
Cov(feCeVO= ¿_(k Κ l/HW0J­beffkff. 
h­1 
coll .flux 
(4.23) 
The averaging of the two estimates of k is then peformed by the usual 
procedure of minimizing the variance of the following combination (21): 
f lux col l 
b eff * οίΛ Reff ^ ^ z k e f f . (4.24) 
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This leads t o 
oC- Β L Var(C) / I
 Co11 L f lu5f ^ Covi «eff, «eff J (4.25) 
0¿2 = Β 
coll f lu* \" coll / L c o U ηυχ\ 
var(be f fJ- Covi Reff, Reff j 
where 
r o l l X î i ^ C ° M 
B=Mbe f f )+ l /ar(C)-2Cov(fce f f ) 
The variance of the averaged k . is then given by: 
Reff J , 
Var(h.eff)e-õ~ Β L Varíkeff )Var(beffX) - C o v ' C , l O 
(4.26) 
(4.27) 
(4.28) 
The evaluation of the absorption rate follows exactly the same procedure 
as above and need not be repeated. The same holds for "Expected Leakage 
α 
Probability" calculations. In this case the es 
is replaced by the sum 
in equations (4.17) to (4.28). 
tl^tor^D^l^tRhX, 
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4.7 Sampling of Time Eigenvalues 
The time eigenvalues are calculated at the collision points "■£". If t,_ . 
is the time distance at thej'th collision of the h'th neutron history 
from its origin, the average production time "JL_JEq. (2.21)1 can be 
calculated according to: 
ΜΣίΙκΛ,,ύ/Ρ^^ 
with the following expression for the variance 
rH J 2 3 
Var (xPR) - [Σ [Lki whii.,pPR) ( Σ Klh P j 
L h=1 ¿=»1 j-1 
-Ί 
-τ PR 
(4.29) 
(4.30) 
where 
ι . y - Dh,9 
In the same way the average destruction time is given by: 
TDE = Σ(Σ^ΧΗΡΑΒΚ!;Ι< 
un=i 4=1 
HW„ 
LE 
(4.31) 
where t^  _ is the time at which the neutron of weight W. _ leaks out of h,J n,J 
the assembly after the J-th collision: 
t LE h,3 -(i 
and 
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Var(TDE)= tÍt^M^y^Ht/WK- τ£. 
h­1 fr ' J / 
(4.32) 
In the case where the "Expected Leakage Estimator" is used, the W 
in Eq. (4.29) has to be replaced by W and t by 
"■ι J h, j 
h,j­l 
thi Λ τ ÍT 
The calculation of the mean destruction time ~T\p is, however, somewhat 
different for the E.L.P. method. We have 
Τ = 
Η , · 
h-1 i*i 
(Σ^<ΡΛ Β + ^<) /Η\Λ/ 0 (4.33) 
where W~ . is given by Eq. (4.15), W~\ by eq. (4.16) and 
<H Ah.g \i-i Kri^fi ' ÍT 
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4.8 The Use of Probability Tables 
As already mentioned above TIMOC frequently uses tables with equal prob­
ability intervals. It is known that other procedures of calculating random 
variables are slower than the random selection of precalculated values 
from equal probability tables. The limits are set by the available storage 
capacity of the computer. In the input the following random variables are 
converted into equal probability tables by the Nuclear Data Input (NDI) 
program: the fission spectra of primary and secondary neutrons, the ex­
ponential distribution function of the neutron flight path and the aniso-
tropic elastic scattering distribution. Except for the latter, the selec­
tion of the probability intervals is performed by the so-called semir 
systematic sampling procedure described in Sec. 4.5. Even though the cal­
culation of equal probability intervals is a trivial problem, a certain 
sophistication is necessary to obtain a properly functioning computer al­
gorithm. 
The G intervals of probability ρ = — satisfy the following equations 
g G 
Λ9 ,"Q 
Pg = £J-= [ f M d X / jfMcLY , g=l,2,...,G, (4.34) 
where f(x)^0 is the distribution function (either given in analytical form 
or by table input). The integration is performed by the trapezoid rule. For 
this purpose the domain Γχ , χ is divided into 200 equidistant intervals 
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The width of the intervals is: 
^ 100 > n,-i fr* "U,3, . . . .,200 (4.36) 
and 
Ky. = XQ ■ + y A X , X0 = * ° , X2Q0 = XG 
To determine the boundaries χ of the intervals of equal probability sum­
mations over [r a>re made until: Ì 
ΔΧ 
Ζ f­1 
X[f(x;)+f(x;j]--§—Ag>o. 
f(0-f(0 When A &■ O one defines t and . = Δχ' 
then 
f(xg) = yf(xD-2A9 tan^" 
( 4 .37 ) 
( 4 .38 ) 
and 
- 2Ag 
V V f(xg)+f(xD (4.39) 
The χ are the boundaries for the in te rva l s of equal probabi l i ty , 
e 
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4.9 Random Numbers and Random Variables 
The pseudo­random numbers £ equally distributed in the unit interval 
(0,1) are generated by the modular method. 
To allow reproducibility and to evaluate differential effects in similar 
problems, a given history always starts with the same pseudo­random number 
in all problems. This requires a kind of two­dimensional chain of random 
numbers. In the IBM 7090 the initial element of the i­th chain is determined 
by 
35 i JA Λ35^-< , , Λ35< 21 35 i-i , . - 35 \ 
s 3 2 W (mod 2 J i - 1 , 2 , . . . (4.40) JO OO 
>35.o 2 ε«ι. ) 0 
The successive elements of the chain itself are determined by 
"* -K ­ ~ ­* f « 3­ ■ j = 1,2,... (4.41) 30 I 13 35 1 f . 5\ 2 l i ­ 5 2 |,< (mod 2 J »a 
In these formulae we have followed the notation of (22) in which the 
chains were described in terms of integers for convenience. An IBM 7090 
number has a sign bit and 35 numeric bits, to be interpreted as a binary 
35 fraction: if g is such a fraction, 2 | is an integer. It can be 
33 shown that this method has a period 2 which is an upper limit for mod 
2 3 5. 
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5. NEUTRON TRANSPORT ROUTINES 
In this chapter we describe the actual routines which calculate the 
neutron transport and which therefore represent the scattering kernels 
mentioned above. This description presents the physical models used 
and the various options offered by the code. Technical details about 
data input and format are listed in Sec.8.1 and 10.1 but, for those users 
who may wish to change the code, some mention is made of the entry 
names of subroutines and the program names of the more important var­
iables. 
In general, the computation of histories closely simulates the be­
haviour of the individual neutrons (although alterations are possible 
on request through various options to improve the efficiency of the 
program). Certain isotope and mixture cross sections are required to 
implement these methods. To calculate actual neutron path lengths, 
macroscopic mixture cross sections are needed. Hence for each mixture 
there is a list of the total cross sections as a function of the speci­
fied energy group. There is, furthermore, a table which specifies the 
mixtures in each region. The total cross section for a mixture is the 
sum of all macroscopic capture, elastic, inelastic, and fission cross 
sections of all isotopes in the mixture. 
Once all the data pertinent to the origin of the history are determined, 
the neutron travels in the chosen direction until its flight length (or 
"travel allowance") is exhausted. This is accomplished by using the total 
cross section in each region encountered. The coordinate location where 
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the flight is spent is designated as a collision point. At this point 
various kinds of data are collected and new paramters determined, such 
as contributions to the calculated flux spectra, absorption and fission 
processes etc. The kind of scattering is then decided and from that an 
energy loss and a new direction vector are determined. A new flight length 
is selected and a similar process is repeated for the next trajectory. 
5.1 Initial Parameters of a Neutron History 
5.1.1 The Source Neutron Starting Point 
The determination of the starting point of primary neutrons is part of 
the geometry routine. It is therefore described together with the geo­
metry routines. The source region must be specified in the INPUT program. 
The source distribution is normally flat over the source region. An ex­
ception is the use of the STPT * option. In this case the three coordinates 
of the starting point are input parameters of the RWS program (chap. 10). 
The specified starting point must lie in the source region specified by 
the NDP program (chap. 9). The actual position of a particle is referred 
to in the code as X, Y, Z. 
5.1.2 The_Initial_Direction_of_Flight 
The initial direction of flight of a neutron is assumed to be uniformely 
distributed over the unit sphere in the lab system. Therefore 
COS(j)= COS 2 ï ï | g (5.1a) 
cos©= 2 | g + l - 1 . (5-lb) 
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The calculation is done in the subroutine ISCLM. An exception is the use 
of the ANGL * option, where cosQ , sin φ and the sign of cos φ 
are input parameters. The quantities sin φ , cos φ , sin Q , coscjl 
are referred to in the code as SINP, COSP, SINT, COST. 
5.1.3 The_Length_of theFlight Path 
In a homogeneous infinite medium the probability density function for the 
flight length to the next collision point is given by 
ρ (χ)=Στοβχρ(-ΣΣ<λ °<x<°° (5.2) 
where / is the total macroscopic cross section of the medium. In a 
piecewise homogeneous finite medium this formula has to be replaced by 
(see fig. 3) 
p(x) = ;riT0Wexp[-ET0(1)x] '« ° * ^ ν <5·3) 
ρ (χ) = exp{x,[Zj2)-EJÌ\Zj2)exp[-ZM 
M-1 . 
ρ W - exp{Σxm ΣΤ0(Μ) -Σ>|£o(M)exp[X0(M)x 
m=i J u 
M-1 M 
for ΣΧη^Χ<ΣΧ™, M-3,4,5,.. . 
ΐτΜ m=1 
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The function p(x) is discontinuous at the boundaries between two regions 
>r 1 
if the \ is different. Since it is rather complicated to sample from 
the function p(x), we transform it into a continuous function over the 
mean free path using, in each region m, the transformation 
m-1 
Σ>)*+Σ*9[ΣΤ0(9)-ΣΤοΗ=λ, 
9-1 
y^T0(nn)d,x = d X , 
m-1 m-1 
m 
g-i 
m 
g ' 
λ*Σ*οΣΛ9)=λη. 
g-A g-1 
(5.4) 
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The density function over the mean free path now gets the much simpler 
form: 
pOwdX - exp(-A)dX, 04X<cx). (5.5) 
The flight distance A to the next collision point (in mean free paths) 
is therefore given by 
λ-lnf. (5.6) 
If A ^ A M > t n e neutron is lost by leakage. 
The collision point is determined from the length of the flight path and 
the direction of flight. The process occuring as a result of the collision 
can be either absorption, scattering or fission. 
The flight distance À is determined in the subroutine ISCLM and stored 
in location MFP. An exception to this is when the ELP * option is used, 
the next collision point then being always chosen within the reactor so 
that a neutron history is never terminated by leakage. 
The number of mean free paths in the flight distance is chosen from a 
table of 256 intervals of equal probability. 
5.1.4 The Source Energy 
The energy distribution of the primary neutrons can either be expressed by 
one of the three spectra listed below or by a combination of them (see 
8.1.1, Block II). 
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If the STEN* option is used, the source neutrons are supposed to be mono-
energetic and the energy has to be specified separately in the input. 
The three source energy spectra are: 
a) the simple fission spectrum: 
X(E)-BlfE expí-E 
b) the Maxwell spectrum: 
X(E)~ B-E-exp(-E», 
c) the Watt spectrum 
X (E) = G exp (- E/A)sin h (ÍÊT), 
where E = energy and A, B and C are input parameters of the NDP program. 
This spectrum is transformed by the NDP program into a historgram with 
128 intervals such taht the area of each step is the same. In the actual 
calculation the intervals are picked by the semisystematic sampling pro­
cedure (sec. 4.5). The determination of the starting energy is performed 
in the subroutine FENP, the energy is stored in the location E. 
5.1.5 The_Initial Time Parameter 
It is assumed that all primary neutrons start at the time point zero. 
The subroutine INTIM sets this initial time parameter but it can be re­
placed if required by a routine giving any start-time distribution. The 
actual time of a neutron history at a reaction point (collision or boun­
dary crossing) is stored in the location TIME and the starting time of a 
neutron is stored in the location TZERO. The time variable is only cal­
culated, if the option TIME * or the option MTIM * is specified. 
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5.2 The Transfer to the Geometry Routine (Determination of Boundary 
Crossing and Collision Point) 
When all parameters described in 5.1.1­5.1.5 are determined, the program 
goes to the subroutine GPATH which is part of the geometry subprogram. 
The geometry subprogram is an almost independent subroutine which re­
quires only the following parameters to determine collision or boundary 
crossing points of a neutron trajectory: total reaction cross section = 
s>(SGT), available travel distance in mean free paths = À (MFP), 
Cartesian space coordinates = X, Y, Z, azimuthal angular function sin φ 
and cos φ (COSP, SINP) and polar angular function sino and cos O 
(COST, SINT). 
The GPATH routine follows a neutron trajectory through the preassigned 
geometrical configuration and determines geometrical boundary crossings 
and collision points as a function of f and Λ . If the travel 
distance (in mean free paths) calculated by Eq. (5.6) is exhausted along 
the flight vector before the boundary of the region is reached, a col­
lision process is registered and the coordinates of the collision point 
are calculated; if the distance to the boundary is shorter than the 
travel distance, no collision happens in this region. In the latter case, 
the intersection point with the boundary is determined and the y of 
the next region into which the trajectory enters is provided by the RWS 
program. During this brief return to the RWS program, calculations which 
make use of the travel distance to the boundary are also performed as will 
be described later. If the new region into which the neutron enters is the 
leakage region, the current history is terminated and the weight of the 
neutron is added to the total leakage register. 
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When a collision takes,place, the type of collision is determined and the 
new direction of the flight vector and energy has to be calculated. A new 
travel distance has also to be assigned to the history under consideration, 
Σ, If the energy group was also changed, a new / has to be stored in SGT ¿.—¡TO 
before the program returns again to the GPATH routine. 
5.3 Reactions at a Collision Point 
At a collision point, the program decides which kind of scattering takes 
place. For this purpose, the "NDP Prgram" prepares a list of elastic and 
inelastic scattering probabilities for each isotope k as a function of 
the energy groups i. By adding up these probabilities and comparing them 
with a random number, F , in the interval (0,1), the program determines 
the kind of collision (elastic or inelastic) and the isotope involved in 
the process. The probabilities are defined as: 
?jk,m,i) = ΣΒΙΜ/Σ^Μ sc· ( 5 · β ) 
and 
RN(W)=ZIM(k,m,i/y (h.mA) IN ^ ' ' ' / l_iiMx ' ' / ¿ _ , S C V ' (5.9) 
where / and > are the macroscopic elastic and inelastic scattering 
¿—IEL ¿—'IN 
cross sections and \ the total scattering cross section of the mixture 
¿—ι SC 
m in the energy group i. 
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5.3.1 Elastic_Scattering (Isotropic and Anisotropic) 
If elastic scattering occurs, four types of scattering model can be used 
optionally for each isotope and energy group, a) Isotropic scattering in 
the center of mass system; b) Anisotropic scattering in the center of mass 
system inserted by means of the first six coefficients of a series of Le-
gendre polynomials; c) Anisotropic scattering in the center of mass system 
inserted by means of an equally spaced table of numbers giving the LL de-
de E L , 
pendence of the differential cross section (the code automatically 
CLyu 
renormalizes these numbers so that the integral over μ. fits the inde­
pendently given total scattering cross section); d) Anisotropic scattering 
in the laboratory system inserted by means of the average cosine of the scattering angle in the laboratory system ( a. = cos •8· ) . 
In the following discussion it is always assumed that the target nucleus 
is at rest. This is valid for all neutron energies, except in the thermal 
region, where the thermal motion of the target can be taken into account 
by means of transfer matrices which include the energy transfer from the 
target nucleus to the neutron. 
The above mentioned scattering models allow the evaluation of the angular 
deflection of the velocity vector of the neutron due to scattering and deal 
always with the angle *v measured in the scattering plane. 
In the case of isotropic scattering in the center of mass system the values 
of the function cosU are equally distributed in the interval (-1, +1), 
iie. 
cos & = 2 i - 1 . 
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This and the associated calculation of the energy loss and the trans­
formation to the laboratory system are performed in the ECO­routine. 
In the case of anisotropic scattering b) and c) the cosν values are 
picked at random from a probability table. Both the Legendre Polynomial 
and the tabulated distribution are transformed into a histogram in which 
each step has the same area (probability). Depending on the input speci­
fications, this histogram is represented as a table containing 16 or 32 
equal probability intervals, i.e.: 
Τ cositi M 
(orjL) = 5d(cosfr)f(cosWÍd(cos#)f(cos#) 
cosa^ 
where cos V is calculated from tf
,9" = cosvl + f 2(cost^+i - cos#g) COSO; - COSIL £ n l C O S V a + / < - COSVa) (5.11) 
and 
= [i6(or32) 
The formalism for setting up the above tables is described in sec. 4.8. 
In addition to the angle of deflection, V , from the original line of 
flight, a second angle Φ has to be calculated which has a uniform dis­
tribution function around the incident line of flight. This is given by: 
COS (ƒ =■ COS 27Π 
(5.12) 
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or, if a rejection technique is used, by 
(2i1H)2- i ! 
COS Ψ " /Ο A\1 CZ (5.13) 
where, unless the condition 
(2i«­tf+£<i (5.14) 
is satisfied, (5.13) is recalculated with two new random numbers Ç and 
The energy E* of the neutron after an elastic scattering is a function of 
cos'ir and the atomic weight A(k). If the collision process is treated in 
the center of mass system the following well known relation holds: 
Az(k)+2A(fe)cosiM 
F = E 7 Γ5 * (5.15) 
11 (A(teM)2 
In the case of an isotropic scattering on a hydrogen atom this reduces to 
the simple form 
E'=E (5.16) 
which is separately programmed in the ECO­routine. 
If E' is less than the lower energy limit specified in the problem, the 
history is finished. If not, the angular components of the new flight vector 
after the collision have to be determined. 
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For this purpose one has first to transform the angle of deflection from 
the cm. system into an "intermediate" lab. system with the z­axis in the 
incident line of flight: 
COS θ = 0+A(Wcos5i)/\/l + 2A(Wcos#+A*(W. (5.17) 
The isotropic distribution of C0 around the incident line of flight re­
mains in this lab. system the same as in the c.m. system. Denoting the 
polar coordinates of the initial flight path in the real laboratory system 
by iv\ ,(0. ), it follows that the transformation into the real lab. system 
can be accomplished by a rotation about the z­axis by the angle (J) fol­
lowed by a rotation about the y­axis by the angle y*. . The new direction 
vector in the real lab. system is thus given by the unit vector: 
[cos φ, -sin eft 01 
sinift cos (ft 0 
0 0 1 
(costì; 0 slntfAfe 
0 1 0 
[-sinft, 0 cosf t i /W. 
(5 .18 ) 
The direction coordinas 
lab. system. 
'ê­\ 1 sinU cos ψ 
sin Θ βΐηφ refer to the "intermediate" 
cos Θ 
From the components of the new direction vector Q with the angular com­
ponents V^ and (0 one can calculate the trigonometric angular functions 
as: 
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ÌV9 COS C0Su z
Stn 
■9; cos θ - sin θ; sinâcosí]), 
(5.20) 
in^siny = 5ΐηφ,(οο53;8ΐηθοο5φ+8ΐη^ω5θ)+θθ5φ15ΐηθ6ΐηφ. 
When the scattering in the cm. system is isotropic (option (a) above) and 
the atomic weight A> 50 the scattering in the lab. system is also assumed 
to be isotropic and the above transformation is bypassed. In this case, the 
scattering angles θ and φ are determined by the ISCLM routine. 
If anisotropic scattering is inserted by means of the average cosine jx 
(option (d) above) a procedure is used which is based on a technique de­
veloped by Coveyou. This translates 7Z back into a linear anisotropy func­
tion in the lab. system from which discrete cos kj values are sampled. The 
energy loss in this case expressed is given by 
E'-E 
[cosG^ftM-i+coiQ^ 
(5 .21 ) 
A 00+11 
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5.3.2 Scattering with Energy-Angle Change Specified by a Transfer Matrix 
For a transfer matrix description, a list of scattering probabilities to 
the specified energy groups is prepared by the NDP program. By using equally 
distributed random numbers, the energy intervals to which scattering occurs 
are chosen according to their probability values. 
Since the program works with discrete energies (if no other option is speci­
fied) the energy is chosen to be equally distributed within the group. When 
the transfer matrix is used, neutron production processes like (n,2n) reac­
tions, etc. can also be taken into account. If the sum of the differential 
cross sections of the scattering matrix (in a certain energy group) is not 
equal to the total inelastic scattering cross section of the specified iso­
tope in this group,a multiplication factor is defined which is applied to 
the neutron weight. This multiplication factor is calculated as the ratio 
G 
r(k,i) =^AerN(k,i-gj/6iN(fe,i) (5.22) 
9=1 
where /\BIfJ ( R^ j-Kl)is the inelastic scattering cross section of isotope k 
for IN neutron transfer from energy group i to energy group g. For a multi­
plication factor r(k,i) different from unity, the neutron weight W is 
"»J 
multiplied by r(k,l) after the occurrence of an inelastic collision pro­
cess. This fact has to be considered when checking the neutron balance at 
the end of a calculation because, with r(k,i) Φ 1 the sum of neutron losses 
(by leakage, absorption and eventually slowing down below a preassigned 
energy level) does not correspond to the number of neutrons originally in­
troduced into the system. 
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In order to take into account anisotropy, which is sometimes of interest 
for inelastic scattering processes, one can assign to each partial trans­
fer cross section an averaged cos fc? value, defined for the lab. system. 
This average cosü value is transformed into a linear anisotropy from 
which discrete cost? values are sampled. This and the transformation of 
the direction vector at the collision point is performed by the TURN routine. 
5.3.3 Inelastic Scattering_b£ Excited Levels 
When the model of excited energy levels is employed, use is made of a table 
lev containing the partial probabilities ρ (k,i) of the different levels in 
a certain energy group. The table is prepared by the NDP program for the 
different isotopes. The energy loss ^E associated with each level is 
subtracted from the energy of the incident neutron after the level has been 
chosen by a random process. 
If £ — p, IKJIJNU then the first excited level is used and 
if not, try: 
ξ- p!eU,i)-pzev(k,0 < o (5>24) 
and so on. 
¿ *ΓΜ - < 
gal (5.25) 
where G is the number of excited levels. 
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The use of discrete neutron energies within an energy group in combination 
with the model of level excitation may result in a negative energy value 
after an inelastic scattering process, i.e. E' = E ­ Λ lUmax ^  °· If this 
occurs, another level is chosen. If however there is no level which satis­
fies the condition E' ­ A E ¿> 0, then the program performs an elastic 
scattering process using the same isotope. 
For the model of level excitation the angular distribution of the scat­
tered neutrons is assumed to be isotropic in the lab. system. 
5.3.4 Inelastic Scattering by_the_Evaggoration Model 
The Statistical or Evaporation Model assumes a Maxwellian energy distri­
bution function for the scattered neutrons. The energy after the collisions 
is taken from the following probability density function: 
N(E')dE' ~$- exp^E/rikildE' <5·26> I (k) / J 
T(k)~c(k,i)ftT where E* is the neutron energy after the collision and 
the so­called nuclear temperature composed of the constant c(k,i) and the 
incident neutron energy E. This model is frequently used for heavy isotopes 
at higher energies where the levels cannot be resolved. 
A Maxwellian distribution can easily be generated by the sum of two ex­
ponential distributions and this is done in the subroutine ICMXW. The 
energy of the scattered neutron is then 
E'=T(tO(ln^+Ln§J. <5.«> 
If E'> E the random process has to be repeated. 
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5.3.5 Absorption 
The absorption as well as the fission process is taken into account by the 
"method of weights" or the so-called "method of expected values". In this 
model one assigns to each neutron history at its beginning a weight factor 
W . This weight W is usually set to unity. At each collision point the o o 
weight factor is multiplied by the probability of its survival Ρ : 
Kt - ?*Ki-< = U~\TP jm,i) 
g-1 
(5.28) 
se, g 
where j i s the co l l i s i on counter in the h-th history and 
fe-1 
X J W H Σ J*1·"··*!/ Στ0(ηιΛ) <5·29) 
is the scattering probability of mixture m in the energy group i.(The ab-
AB η 
sorbed weight W = W - W is accumulated for each spatial region L, as 
U υ «J 
a function of the energy group i and is part of the output.) 
5.3.6 Fission 
The TIMOC code treats fission processes by the so-called "method of frac­
tional generated neutrons". This procedure is explained above in Sec. 4.3 
("Variance Reducing Methods") and the operation of the two basic options 
of the program are described in chapter 6 ("Calculation Schemes") which 
also contains schematic flow diagrams. The calculation of the fractional 
neutrons ψ . 1*/ at each collision point is performed in the subroutine 
FISWS. 
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5.4 The Termination of a Neutron History 
In an analogue Monte Carlo game a neutron history is terminated either if 
the neutron leaves the phase space over which the integration is performed 
(leakage, slowing down etc.) or if it is absorbed. The introduction of 
variance reducing methods like the method of expected values (Standard 
Weight Estimator or the Method of Expected Leakage) changes this direct 
picture of nature and requires the introduction of other criteria for the 
termination of neutron histories. TIMOC provides the following possibilities 
for terminating histories. They can be used in any meaningful combination. 
5.4.1 Termination bjr Leakage. 
In finite geometries and if ELP* is not specified, a history is terminated 
when the neutron track enters a leakage region (defined in the input). At 
this point several sample values are calculated and stored, such as the 
leakage weight and the time at which leakage occurs after the neutron birth. 
For more information see 10.4.3, 10.4.9, If ELP* is specified and TIMOC 
works in the Expected Leakage Version the histories are terminated either 
by the Russian Roulette procedure or, in time dependent problems, when the 
time from birth exceeds a pre-assigned parameter t (see Sec. 5.4.4). 
max 
5.4.2 Termination b£ Russian_Roulette 
If ELP* is not specified, the termination by Russian Roulette is in many 
cases a variance reducing modification of the termination by absorption 
(Sec 4.2). 
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5.4.3 Terminât ion_b jr Slowing Down 
In slowing down calculations where only a certain energy range is of in­
terest, or in Fermi Age calculations, a neutron history is terminated 
after a collision process if the energy assumes a value which is below 
an E specified in the input. The slowing down density and other per­min 
tinent sample values are printed in the output (see Sec. 10.4.4, 10.4.5, 
10.4.9). 
5.4.4 Termination by Exceeding a Maximum Time Parameter 
If TMAX* is specified, neutron histories are terminated if their time 
from birth exceeds at a boundary crossing or at a collision point the 
value t . See 10.1 and 10.2 card 8. This feature is particularly use-max 
ful if at the same time TIME* and ELP* are specified (calculation of time 
dependent neutron migration in small systems). See 4.4 and (10). 
5.4.5 Terminâtion_by_Low_Weight 
Finally a neutron history is terminated if its weight becomes too small 
and does not contribute significantly to the result anymore. This cut off 
value depends on the problem under consideration. The cut off boundary 
-3 
built into the code is 10 and is stored in 1FLM3. If desired, a change 
of this quantity can be accomplished easily by the use of the COMM* 
specification. See 10.1 and 10.2 card 11. 
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6. THE TREATMENT OF SECONDARY NEUTRONS AND CALCULATIONAL SCHEMES 
It should be noted that all neutrons which do not belong to the primary 
neutron source or source distribution fall under the term "secondaries" 
regardless of their actual generation number. As mentioned before-the 
fractional generated neutrons are stored for each fissionable isotope 
separately. These "secondaries" have a spatial distribution function which 
depends on the fission probability of their ancestors. 
The initial direction vector of the secondary neutrons is chosen to be 
isotropic in the laboratory system. The initial energy of secondary neu­
trons is taken from the specific energy distribution function of the 
isotope under consideration. The energy distribution function are the 
same as for the source neutrons (see 5.1.4), i.e. the simple fission 
spectrum, the Maxwell spectrum, the Watt spectrum or a combination of 
them. The specific parameters are part of the nuclear data input in NDP 
(see 8.1.1, Block II). 
In order to generate this energy distribution, tables of 128 equal prob­
ability intervals are prepared for each fissionable isotope and the inter­
vals are then chosen by semisystematic sampling. As usual, a linear random 
interpolation within each interval is performed. 
To make correct use of the TIMOC code one has clearly to distinguish bet­
ween thos calculations in which a constant external source (in the case 
of a stationary problem) or a O -burst (in the case of a time dependent 
study) is of interest, and those in which the equilibrium or fundamental 
mode distribution is important. The two schemes differ in the treatment 
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of the secondary neutrons generated in the FISWS-routine. We describe 
them here by the use of schematic flow diagrams (for a system with one 
fissionable isotope in order to omit the index k). 
6.1 Initial Value Problems (Standard Version) 
In the case of a constant external source in stationary problems or a 
O -burst in the case of a time dependent problem, the schemQ of Fig. 4 
for generating and sampling secondary neutrons is used (this is the basic 
version of the code). In this version, primary neutrons start from a pre-
assigned energy, angle and space distribution. Whenever a secondary neu­
tron of unit weight is generated (i.e./ (1/ . ^  ¿_i W Q , see Fig. 4), its 
position sind other parameters are stored in a buffer (B in Fig. 4), while 
the current history is taken to its completion. However, before a new 
neutron is inserted from the source, the neutron or neutrons accumulated 
in the buffer (B) are introduced into the calculation as additional histo­
ries. Amost all sample values are normalized by the number of primary his­
tories and therefore the sum of destroyed neutrons (by leakage, absorption 
and eventually slowing down below a specified energy limit) adds up to 
unity only in the case where non fissionable materials are used. 
6.2 Eigenvalue Calculations (The ITER Version) 
In the case of an eigenvalue calculation, i.e. in the case where the sample 
values should be obtained from the equilibrium or so-called fundamental 
mode distribution, the iteration (ITER) version of the code has to be em-
Start a primary history (h) 
with specified initial space 
(r ) , angle (£¿ ) and energy o o 
(E ) distribution. Set o 
time t = 0, w = 1.0 andj=0. o o 
Choose length of 
flight path D ., _ h»J 
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transfer to the geo­
metry rout.: 
if history 
finished by 
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ates r = r and t = t 
o o 
from buffer B ; n +1 • n 
Choose new anglejL and 
o 
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Vh. j = Wh,j­1 PFI ( m' i } 
SYHJ^W. yes 
U + 1 -*ij S = C, mod Δ 
Store space coord (r.) J of collision and time 
(t ) in Β 
no 
History finished? 
(by Russ.Roui.,too 
low energy, etc.) 
Choose scattering process 
and determine new energy 
E and direction ii . 
ID 
Fig. 4 Schematic flow diagram for the solution of initial value problems ("Standard" Version) in TIMOC 
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ployed. In this version one first starts a certain number of histories in 
the basic version of the codes as described above. The source distribution 
of these neutrons should be not too different from the final equilibrium 
distribution (for example: fission neutrons spatially equal distributed over 
the fission zone). These neutron histories are not used for sampling. They 
only build up a second neutron generation which is closer to the final equi­
librium distribution and which is used to start the sampling procedure. 
These neutrons stored in the buffer (B in Fig. 5) are "removed" as the cal­
culation proceeds from the buffer store (Bfi) and replaced by newly gene­
rated ones in the free buffer locations under or overflow of the buffer 
store (i.e. o~P^U or ^ > ¿Λ where Z\ is the buffer length) irrespec­
tive of whether the system under consideration is subcriticai or super­
critical. To avoid this, one uses the multiplication factor as a test para­
meter to decide when the characteristic parameters of a secondary neutron 
have to be preserved in the buffer storage. Since the multiplication factor 
is not known at the beginning of the calculation, the program uses an esti­
mate provided by the histories already calculated. This estimate is recal­
culated later, whenever the buffer storage shows a tendency for under or 
overflow. In the case of underflow, which means that too few buffer storages 
are filled with initial parameters for neutrons or in other words the buffer 
index 0­ is approaching oC , the test parameter which is obviously too large 
has to be recalculated. For this purpose one determines k and subtracts 
the variance in order to be on the safe side. If there is the tendency for 
overflow and the difference between Cr and cL increases towards the 
length of the buffer storage, the same recalculation of the test parameter 
case 
has to be performed, but in this one adds the variance to the multiplication 
leakage 
Primary histories are started from 
a flat spatial distribution in the 
fission zone and initial parameters 
of secondary neutrons are stored 
in buffer Β to B, ,(£ = /2 Δ ). 
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wh,j=wh,j­i psc(m'l) 
h,j=Wh,j­l P F I ( B · 0 
no 
History finished? 
(by Russ. Roui.; 
too low energy etc.) 
<T no 
yes 
k + 1 ­> £ j S = mod ( Ù ) 
Store space coord, r. in Β ζ 
Fig. 5 Schematic flow diagram for Eigenvalue calculations ("ITER" Version) in TIMOC 
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factor k .By this procedure one can achieve any number of iterations 
in the previously described sense of the "source iteration procedure" even 
for strongly sub or supercritical systems. 
6.3. Small Effect Calculations (The SMEC Specification) 
The TIMOC code is also equipped with a special feature allowing the esti­
mation of small perturbation effects caused for example by the exchange of 
a control rod or a fuel element. In such calculations the variance of the 
differential effect does not depend on the total variance of the charac­
teristic parameters like the reactivity, lifetime etc. This special feature 
therefore makes it possible to independently determine differential effects 
for all results provided by the code. 
These Small Effect Calculations (SMEC * option) are achieved by the known 
method of similar flight paths. Each neutron history begins with a new chain 
of random numbers which is the same for both the perturbed and unperturbed 
case. In the presence of fissionable materials one "marks", so to say, 
neutron histories after they touch the region of disturbance, in order 
to get the same spatial distribution of the secondary fission neutrons in 
both the perturbed and the unperturbed cases. Secondary neutrons produced 
by the part of a neutron history which has been "marked" are accumulated 
separately so that they do not disturb the original fission distribution. 
After a neutron history has been "marked" it is no longer subject to the 
Russian Roulette procedure, irrespective of whether the RURU option is used 
or not. A "marked" neutron history is finished only by leakage, a too low 
weight factor or an energy value which is below the preassigned threshold. 
See also 10.4.7. 
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7. THE TECHNICAL STRUCTURE OF THE PROGRAM AND OPERATION PROCEDURES 
The program is split up into three parts which are executed consecutively 
in order to allow for a maximum of data space in the computer memory. The 
data communication between these program parts is done via an "intermediate 
Tape". The execution sequence is (1) Nuclear Data Preparation, (2) Random 
Walk Sampling, and (3) Time Tape Analysis. 
Such a system is usually called a link chain program.For TIMOC it is de­
signed to run with an IBM 7090 Fortran II monitor system using a program 
"System Tape" which contains the basic microscopic cross sections including 
nuclear parameters in addition to the program links. 
Each file written in binary mode contains either one of the link programs 
(Data Preparation, Random Walk Sampling or Time Tape Analysis Program) or 
a cross section library. Thus it is possible to have many cross section 
libraries and variations of the link programs on the same physical tape. 
During execution the desired library or link program is called in by the 
proper file number. 
a) The Nuclear Data Prepaiaticn Program (link 1) is written mainly in Fortran II. 
It searches the designated library for the required library data, gene­
rates macroscopic cross sections, angular distributions, transfer matri­
ces or level excitations, probability distribution tables which depend 
on the specified isotropic data, etc. In general it does all preliminary 
calculations which are geometry independent and writes the results on 
the "intermediate Tape" (B5). 
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b) The Random Walk Sampling Program (link 2) is the actual Monte Carlo 
part in combination with the geometry routine written in FAP language 
in order to make full use of the logic of the computer and to speed 
up the calculations. It processes geometry input data and stores the 
data prepared by the "input Program". It follows the neutron histories, 
performs the sampling procedure and records the results. Periodically 
it puts a rerun dump on the "intermediate Tape". If more time para­
meters than the time eigenvalues (mean generation time and mean des­
truction time) are required, i.e. if a full time dependent problem is 
studied, a "Time Tape" is also prepared during the execution of the 
"Random Walk Sampling Program". It contains information on the time 
dependent neutron transport parameters and is processed later on by 
the "Time Tape Analysing Program" (TIME TAPE on B6). 
C) The "Time Tape Scanning Program" is a FAP program. It can be used to 
analyse the neutron histories with respect to the time variable or, in 
other words, the time dependent die-away of a neutron population in an 
assembly as a function of position and energy. 
In addition to these three programs there exist two Tape Writing Routines 
which are needed to prepare the "System Tape". 
One is the "Library Tape Writing Routine" written in Fortran II which reads 
the microscopie cross sections and the basic nuclear parameters from the in­
put tape or an updating tape and writes them, after numerous tests for con­
sistency and order, in binary form on the specified file of the "System Tape' 
Trie other is the Program Τερε Writing Routine which writes the Data Preparation, 
Random Walk Sampling and Time Tape Scanning Program on the specified file 
of the "System Tape". 
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The above mentioned Programs consist of the following non monitor routines 
and subroutines. In most cases the binary decks must be put together in the 
sequence listed below in order to ensure a proper functioning of the program. 
Name of link program 
Library Tape Writing 
Routine; LTW 
Nucl. Data Preparation 
Program; NDP 
Random Walk 
Sampling Program 
RWS 
Time Tape Scanning 
Program TTS 
LOADER 
Name of 
Routines 
LTW 
FAP s.r.s. 
of LTW 
SPACE 
BEGIN 
START 
NDPMA 
NDPFI 
EQPT 
NDPEL 
PL 
NDPIN 
ERROR 
FAP s.r.s. 
of NDP 
PTW 
SPACE 
BEGIN 
3) WPK06-7 
RWS 
Geom. Rout. 
PTW 
SPACE 
BEGIN 
3) 
WPK06-7 
TTS 
PTW 
LOADE 
Label of 
Bin.deck 
LTW 
LTWFAP 
SPACE 
BEGIN 
NDPST 
NDPMA 
NDPFI 
NDPEQ 
NDPEL 
NDPPL 
NDPIN 
NDPER 
NDPFAP 
PTW 
SPACE 
BEGIN 
WPK67 
RWS 
2) 
PTW 
SPACE 
BEGIN 
WPK67 
TTS 
PTW 
LOADER 
Label of 
Fortran or 
FAP deck 
LTW 
LTFP 
SPACE 
BEGIN 
NDST 
NDMA 
NDFI 
NDEQ 
NDEL 
NDPL 
NDIN 
NDER 
NDFP 
PTW 
SPACE 
BEGIN 
WPK 
RWS 
2) 
PTW 
SPACE 
BEGIN 
WPK 
TTS 
PTW 
LOAD 
Input 
Input 8.1 
(file number and 
nuclear data) 
Input 8.2.1 
(file number) 
Input 8.2.1 
(file number) 
Input 8.2.1 
Input 9.1 
and, or 10.1 
and, or 11.1 
or " 10.7 1) At this place the geometry routines are inserted 
2) For description see (25) 
3) Ref. (27) 
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8. THE TAPE WRITING ROUTINES PREPARING THE SYSTEM TAPE 
The data input consists of two steps. One is the preparation of the System 
Tape (T = A5) by the use of the Tape Writing Programs and the second is 
the actual calculation of the sample problem described in Chapter 9. The 
four subsequently described writing procedures of the System Tape can be 
executed in any order. 
8.1 The Library Tape Writing Routine 
Writes the group constants on the System Tape (A5) 
8.1.1 Input 
CARD COLUMNS 
1 - 6 
7 -12 
13-18 
19-24 
25-30 
31-36 
FORMAT 
16 
16 
16 
A6 
A6 
A6 
SYMBOL 
INTAP 
INFIL 
NFILSY 
ADDATA 
UNLDK5 
UNLDK9 
INTAP: Tape number of the nuclear parameter input. 
If INTAP = 5: the nuclear parameters are read from the Monitor 
input tape, i.e. they follow on cards behind card no. 1 
If INTAP = 11: the nuclear parameters are read from a special 
input tape, which is on tape unit no. 11 (A6). In this case 
the nuclear parameters have to be written on this special in­
put tape by an updating procedure. 
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CARD COLUMNS FORMAT SYMBOL 
INFIL: If_INTAP_¿_5£ INFIL specifies the file number on tape 11 (A6) con­
taining the nuclear parameters which follow, otherwise it is 
ignored. 
NFILSY: File number where the cross sections should be placed on tape 9 
(A5). 
ADDATA: if blank¿ normal loading 
if not_blank£ nuclear parameters for new isotope specifications 
are added to an already existing library on tape 9 (= A5). 
UNLDK5: ií_blank¿ tape 11 (A6) is rewound 
if_not blank: tape 11 (A6) is unloaded 
If ADDATA is blank: 
16 
IM: Number of energy groups, 1 ^  IM —50. 
1 - 1 1 Ell.4 
IM 
ENE(I) = 1 , IM + 1. 
One card for each 
number. 
ENE(I): The lower energy limits (in eV) of the IM energy groups in in­
creasing order. ENE(IM+1) = upper limit of the top group. Note that the 
boundaries have to be the same for all isotopes. The above set of cards 
is required once. The following cards 4.) to 12.) have to be repeated for 
each isotope. 
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CARD COLUMNS FORMAT SYMBOL 
If ADDATA is not blank the energy groups have to be omitted, since they 
are not needed for adding data. 
All the following nuclear data and group averaged cross sections can be 
obtained from the ENDF/B data file in the required Formats by the use of 
the CODAC code (Ref. 26). 
Block I: Parameters which are independent of the aiergy-group structure 
4 1 - 6 A6 ISOT Isotope identification 
5 3(1-72) 3(12A6) TEXT 
TEXT: three cards, which contain a description of this 
isotope (origin of the cross sections, etc.; the cards 
may also be left blank). 
1 - 6 
7 -17 
18-23 
24-34 
35-45 
46-56 
57-67 
A6 
Ell.4 
16 
Ell.4 
Ell.4 
Ell.4 
Ell.4 
ISOT 
ATW 
IMF 
FNY 
AFIS 
BF1S 
CFIS 
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CARD COLUMNS FORMAT SYMBOL 
ISOT: Isotope identification 
ATW: Atomic weight of the isotope 
IMF: Number of different fission spectrum representations 
to be used (¿= 3) 
The energy dependence of the number y of secondary fission neutrons is 
assumed to be described by the following polynomial fitting: 
y(E) = FNY + AFIS*E + BFIS*E2 + CFIS*E3 
Ε β energy (eV). 
■y(E) can also be given as a group averaged value for each energy group 
separately" see card 8. 
7 1 ­ 6 16 LTT 
7 ­17 Ell.4 EMIN 
18­28 Ell.4 EMAX 
29­39 Ell.4 ELC0(1) 
40­50 Ell.4 ELC0(2) 
51­61 Ell.4 ELC0(3) 
LTT: Symbol defining type of fission spectrum 
EMIN, EMAX: Lower and upper limit (in eV) for the corresponding 
fission spectrum 
ELCO(l): A 
ELC0(2): Β 
ELC0(3): C 
LTT = 6 or 7: Simple fission spectrum 
X(E) = B(^exp(­E/A) 
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CARD COLUMNS FORMAT SYMBOL 
LTT = 8 or 9: Maxwellian distribution 
%(E)= B-E-exp(-E/A) 
LTT = 10: Watt spectrum 
X(E)=C-exp(-E/\)-sinh(fßT; 
There can be a maximum of 3 cards of type 7 per isotope, 
Block II: All microscopic group averaged cross sections split into the 
capture, elastic scattering, inelastic scattering and fission parts and 
(optional) the particle multiplication factor for fission. 
1 - 6 
7 -17 
18-28 
29-39 
40-50 
51-61 
62-72 
A6 
Ell.4 
Ell.4 
Ell.4 
Ell.4 
Ell.4 
Ell.4 
ISOT 
ENCH 
CROM(l) 
CR0M(2) 
CR0M(3) 
CR0M(4) 
CR0M(5) 
ISOT: Isotope identification 
ENCH: Lower boundary of the energy group (eV) 
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CARD COLUMNS FORMAT SYMBOL 
CROM(l): is 6 , the microscopic capture cross section 
-24 2 Uriit! barn (= 10 cm ). 
CROM(2): is Ό , the microscopic elastic scattering cross section 
Unit: barn. 
CR0M(3): is 6 _.., the microscopic inelastic scattering cross section IN 
Unit: barn. 
CR0M(4): is Ö" T> t n e microscopic fission cross section 
Unit : barn. 
CR0M(5): is y(like on card 6). if CR0M(5) έ O, this value is taken 
for the determination of the product ")Ρ6 jP but even in 
this case a card 6 is obligatory in the library deck. In any 
case the parameters FNY,..., CFIS of card 6 are used to cal­
culate the fission ratio (Fissions per Primary Neutron) in 
the final print-out of a calculation. 
Block III: All information on elastic isotropic or anisotropic scattering 
A card 9 must be present for each energy group (in increasing order) in 
which 6_. ¿ 0 . If required, card 9 must be followed by the corresponding EL 
card 10. The card(s) describe(s) the differential cross sections for the 
elastic anisotropic scattering. 
1 - 6 
7 -17 
18-23 
24-29 
A6 
Ell.4 
16 
16 
ISOT 
ENCH 
LTT 
NE 
ISOT: Isotope identification 
ENCH: Lower boundary of the energy group (eV) 
LTT: Symbol defining angular distribution description 
NE: Number of parameters following on card 10 
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CARD COLUMNS FORMAT SYMBOL 
LTT = -1: The same angular distribution function as in the previous group 
is used. Card 10 must be omitted. 
LTT = 0: Isotropic scattering distribution in the cm. system. Card 10 
must be omitted. 
LTT = 1: The distribution is described by a Legendre polynomial in the 
c.m. system. The program expects on card 10 NE Legendre coef­
ficients for the anisotropic distribution 
NE-1 
¿b)=7ELC0(n+l)-Pn(cos^) 
LTT = 2 ; Anisotropic scattering is described in the c.m. system by a poly­
gon. NE is the number of equidistand points along the u. -axis 
in the άβ/ύιχ table (¿40). 
LTT = 3: The averaged value cos θ of the angular distribution in the lab. 
system is used. 
Card(s) 10 must only be given, if LTT>1. 
10 1 ­11 Ell.4 ELCO(l) 
ELC0(I),I = 1,NE 
• · * 
56­66 Ell.4 ELC0(6) 
etc. 
IF LTT = 1: The ELCO(I) are the NE coefficients of the Legendre polynomial. 
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CARD COLUMNS FORMAT SYMBOL 
If LTT = 2: The ELCO (I) are the NE values (¿40) of the angular distri­
bution déT/dyu. at equidistant points between 1+1,­lj , the boundaries in­
cluded. The number of intervals is therefore NE­1. The ELCO(I) must be 
given for the distribution in the c.m. system and in decreasing order of 
cos'irai­*­]/ . 
Note that in each group another type of anisotropic scatterming may be 
used. 
Block IV: All information on inelastic scattering and transfer matrices 
11 1 ­ 6 
7 ­17 
18 ­23 
24­29 
A6 
E l l . 4 
16 
16 
ISOT 
ENCH 
LTT 
NU 
ISOT: Isotope identification 
LTT defines the inelastic­scattering description 
ENCH: Lower energy boundary 
NU: Number of parameters following on card 12 
LTT= ­1: The same scattering values are used as in the previous energy 
group. 
LTT =■1 : The model of excited levels is used. 
LTT = 2: The statistical model is used. 
LTT = 3: Energy transfer is described by a transfer matrix. 
Card 12 must be given if LTT^l. 
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CARD COLUMNS FORMAT SYMBOL 
If LTT = 1 or 2 card 12 reads like 
12 1 ­11 Ell.4 ELCO(l) 
ELCO(I),I = 1,NU 
56­66 Ell.4 ELCO(6) 
a) For LTT = 1 and NU^ 2 (excited level description) this means: 
ELCO(l): A E f°r first energy level (^E is negative for down scattering) 
ELC0(2): Partial probability for first level 
ELCO(3): A E for second level and so on until NU values have been read in. 
The partial probabilities are normalized by the program and the 
sum does not have to agree with the total inelastic cross section. 
Since in most calculations discrete energy values appear during 
the course of a history it can happen that in some energy group 
the subtraction of ¿^ E leads to a negative value of the energy 
after the collision. If E ­ Λ E -C O, for E.,, ¿E ¿E., the pro­
l+l ι 
gram chooses another level (if possible) or an elastic collision 
process. In the case where a partial cross section for level ex­
citation does not exist over the whole range of a group, it should 
only be averaged over the range where it is different from zero: 
Ει l-H 
Θ1 lev - k^¿E(¿Ti) · 
e - Ε;, Ε,>ΔΕ, 
ΔΕ, Ε,<ΔΕ. 
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CARD COLUMNS FORMAT SYMBOL 
b) For LTT = 2 and NU = 1 (statistical model) ELC0(1) is the nuclear 
temperature for the group under consideration. 
c) If LTT = 3 and NU^-3 (transfer matrix version in this energy group) 
12 1 - 6 16 
7 -17 Ell.6 
18-28 Ell.6 
29-34 16 ELCO(I),I = l.NU 
35-45 Ell.6 
46-56 Ell.6 
ELCO(l): is the number of energy groups which the neutron skips after 
the collision. 
ELCO(l) ■= 0: scattering into the same energy group 
ELCO(l) = -O: only down scattering in the same group 
ELCO(l) = +m (-m): up (down) scattering into a group defined by 
adding (subtracting) m to (from) the actual energy group 
index. 
ELC0(2) = relative probability for the particle to jump into the 
energy group specified by ELC0(1). 
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ELC0(3) = averaged value of the angular distribution (cos Θ) in the lab. 
system for the corresponding scattering process. 
ELC0(4) = like ELC0(1) and so on. 
Usually the sum of the ELC0(2) + ELC0(5) + coincides with the corres­
ponding value of Ό τ„ on card 8. 
IN 
If this is not the case, i.e. if €> 4 ^SLCO(2+3J), the ratio 
^~ELCO(2+3j)/ Q is calculated and during the execution of the 
Monte Carlo calculations the neutron weight after an inelastic collision 
is each time multiplied by this factor. This feature can, for example, 
be used to describe particle multiplication processes like the (n,2n) re­
action. For further details see the above paragraph dealing with transfer 
matrix calculations . 
Note that in each energy group another.type of inelastic scattering may 
be used. 
Cards 4 to 12 have to be repeated for the next isotope. An End of File 
card terminates the input of the last isotope. 
8.1.2 Output 
All the input data are printed by the "LTW Routine" in the same or in a 
similar format as the input. 
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8.1.3 Error_Messages 
The following error messages are possible if there is an inconsistency 
encountered in the nuclear data input: 
FILE NO. (12) NOT ON DATA INPUT TAPE 
If INTAP ¿ 5 this message can appear. It signals that the specified file 
(INFIL) does not exist on the Update Tape of tape unit no. 11 (A6). 
FILE NO. (12) NOT ON SYSTEMS-TYPE (TP.N.(I2)) 
The library cannot be written on the systems tape (tape unit 9 = A5) since 
there do not exist the preceeding files with numbers ·*£ NFILSY. 
ERROR IN THE INPUT OF FISS. SPECTRUM PARAMETERS, MAT = k 
Type of error: wrong isotope specification on card MAT = k. (Block I, card 6) 
ERROR, ATOMIC-WEIGHT-INPUT. MAT = k 
Error in the input of atomic weight etc. Type of error: wrong isotope speci­
fication. (Block I, card 7) 
ERROR, CROM-INPUT. * MAT = k 
Error in the input of microscopic cross section data. Type of error: 
wrong isotope specification, MAT = k (Block II, card 8) 
ERROR, CROM-INPUT, WRONG ENCH, MAT = k, ENE(I) = E 
Error in the input of microscopic cross section data. Type of error: wrong 
energy group on card MAT = k, ENCH = E. (Block II, card 8) 
ERROR, INPUT ELAST. SCATT..ANGL. DISTR., WRONG MAT, MAT = k 
Error in the input of the distribution function for anisotropic elastic 
scattering. Type of error: wrong isotope specification, MAT = k (Block III, 
card 9) 
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ERROR, INPUT ELAST. SCATT. ANGL. DISTR., WRONG ENCH, MAT = k, ENE(I) = E 
Error in the input of the distribution function for anisotropic elastic 
scattering. Type of error: wrong energy group specification on the card 
MAT = k, ENCH = E (Block III, card 9) 
ERROR, INPUT INEL. SCATT., WRONG ENCH, MAT = k ENE(I) = E 
Error in the input of the inelastic scattering model. Type of error: 
wrong energy group specification on card MAT = k, ENCH = E (Block IV, 
card 11). 
If an error is encountered, no further data are written on the System 
tape. The job is, terminated, however, by an End of File mark on the 
System tape in order to enable the computer to put other files behind 
the incomplete library. 
8.2 The Program Tape Writing Routine 
8.2.1 Input 
CARD COLUMNS 
1 - 6 
7 -12 
FORMAT 
16 
16 
SYMBOL 
NFILSY 
UNLOAD 
The Program Tape Writing Routine writes either the "NUCLEAR DATA PREPARATION 
(= NDP) Program" , the "RANDOM WALK SAMPLING (RWS) Program" or the "TIME 
TAPE SCANNING (= TTS)Program" on the specified file number NFILSY of the 
System Tape (tape unit 9 = A5) (where NFILSY ^  9). 
If UNLOAD is different from zero, the system tape A5 is unloaded after the 
execution of the present program. 
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8.2.2 Outgut 
The output messages are: 
TIMOC NDP PROGRAM IS WRITTEN ON TAPE A5, FILE (12) 
or 
TIMOC RWS PROGRAM IS WRITTEN ON TAPE A5, FILE (12), 
GEOM = (A6): contains the geometry label. 
or 
TIMOC TTS PROGRAM IS WRITTEN ON TAPE A5, FILE (12) 
8.2.3 Error Messages 
The following error messages are possible: 
FILE NOT ON TAPE: The specified file cannot be found on the System Tape 
(tape unit 9 = A5) since the preceeding file(s) do not exist. 
RTT ON INPUT TAPE: The monitor input tape (5 = A2) has a redundancy when 
reading the card containing NFILSY. In this case the "Program Tape Writing 
Routine" ignores the job. 
RTT ON SYST.-TYPE: On the specified file of the System Tape no writing is 
possible because of unsuccessful redundancy tests. However, an End of File 
mark is written. 
NO INPUT DATA: The input card with NFILSY is missing. 
INCORRECT FILE: The file number NFILSY is O or > 9. The writing is ignored. 
After writing the "LIBRARY", the "NUCLEAR DATE PREPARATION", the "RANDOM 
WALK SAMPLING" and the "TIME TAPE SCANNING" Program on the System Tape 9 
(= A5) the calculation of a sample problem can be performed. For this pur­
pose the following chain jobs have to be executed. 
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9. THE NUCLEAR DATA PREPARATION PROGRAM 
Contrary to the preparation of the System Tape, the NUCLEAR DATA PRE­
PARATION and the RANDOM WALK SAMPLING Programs have to be executed in 
the order described here. The different chain programs on the System 
Tape (NDP, RWS, TTS) are read into the computer each time by a so-called 
LOADER program. All three chain programs - NDP, RWS and TTS can be read 
by the same LOADER. Except for the first card specifying the file number 
on the System tape, the input data for the LOADER are different, depending 
on what program is loaded into the computer. 
9.1 Nuclear Data Input 
CARD COLUMNS FORMAT SYMBOL 
1 1 - 6 16 NF 
The LOADER reads file NF which corresponds to link 1 (NDP = NUCLEAR DATA 
PREPARARION Program) from the System Tape A5. 0 <"NF^ 9 
2 1 -60 10A6 TITLE 
Title card to identify the job. This job title card is printed as a heading 
on each page of the output. 
3 1 - 4 14 I: file number specifying the Cross Section 
Library to be used on the System Tape 9 = A5. 
5 - 8 14 INR: If ^ O all microscopic cross sections 
and nuclear parameters taken from the library 
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5 - 8 
9 - 12 
13-16 
14 
14 
14 
CARD COLUMNS FORMAT SYMBOL 
file are printed in the input. 
If = O or blank, no print-out occurs. 
4 1 - 4 14 KM: total number of isotopes to be specified 
( ¿20) 
KFM: number of fissionable isotopes 
MM: number of mixtures ( eu 20) 
LM: number of different geometrical regions 
( ¿ 20, LM> MM) 
In the SORSEC geometry additional regions 
can be specified in the RWS input. In this 
case the meaning of LM becomes that of the 
so-called "material regions" (see (25)) 
17-20 14 NRG: number of the source region. In the 
SORSEC geometry more than one source region 
can be specified in the RWS input and the 
contents of NRG are then ignored. 
21-24 14 LRG: number of the leakage region. See the 
LEAK* specification. 
1 - 6 A6 ISOT 
This set of cards specifies the different 
isotopes which are used. 
ISOT: isotope identification, one per card. 
There must be as many cards as there are 
isotopes specified by KM. Note that fission­
able isotopes must be in the beginning. 
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CARD COI 
1 
5 
1 
7 
AJMNS 
- 4 
- 8 
- 6 
- 1 8 
FORMAT 
14 
14 
A6 
E12.5 
SYMBOL 
MIXTC: 
NM: num 
ISOT(l) 
CRO(l) 
I  mixture number, in the order 1,2,...M 
ber of isotopes in this mixture NM-^KM 
ISOT(I), CRO(I),I = 1,NM 
55-60 A6 IS0T(4) 
61-72 E12.5 CR0(4) 
This card specifies the isotope concentration 
in the different mixtures. 
ISOT(I): isotope identification 
CRO(I): nuclear density of the isotope (number 
24 3V 
of atoms in units of 10 per cm ) 
For each mixture, card 6 and card(s) 7 are 
required. 
1 - 4 14 LCH: region number in increasing order 
0,1,2,3, LM-1 
This card correlates geometrical region and 
mixture number. 
5 - 8 14 JRGN(I): number of the mixture filling this 
region. There must be a card 8 for each 
region. 
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CARD COLUMNS FORMAT SYMBOL 
9 1 - 6 16 IFM: number of different fission 
spectrum representations to be 
used (^  3) 
10 1 - 6 16 LTT: symbol defining type of fis­
sion spectrum (spectrum descrip­
tion in 8.1.1, Block I) 
7 -28 2E11.4 EMIN, EMAX: lower energy l imi t of the 
corresponding fission spectrum in eV 
29-61 3E11.4 A,B,C: coefficients of the different 
fission spectra described in 8.1.1, 
Block II (C ¿ 0 only for LTT = 10) 
9.2 The Nuclear Data Output 
The NDP program writes the following output: 
The job title 
The list of isotope specifications and the numbers assigned to them: 
ISOTOPE NO.(12) = (6a) 
A list of all mixtures and their isotope composition: 
MIXT. NO. (12) 
(A6) - DENS. = (E12.5), (A6) - DENS. = (E12.5),.... 
A list correlating the region number with its mixture number: 
RG(I2) MIXT. NO. (12) 
The parameters of the fission spectra of the primary or source neutrons; 
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FISS. SPECT. PARAMETERS FOR PRIM. NEUTRONS 
FISS. SPECT. *'TYPE NO. (16), FROM E = (Ell.4) TO (Ell.4) EV, PARAM.S=£3E11.4) 
If the NDP program (link 1) is executed correctly the last message says: 
INPUT DATA ARE WRITTEN ON TAPE 10. 
If INPR / O on card 3, then in addition to the above described output the 
microscopic cross sections of the specified isotopes are also printed. The 
arrangement of the nuclear data output corresponds to the input described 
in 8.1.1. There is only a difference in the sequence of the "Blocks" in 
the sense that first "Block ï" is printed for all isotopes, then "Block II" 
for all isotopes and so on. 
9.3 Error Messages 
ERROR, MIXT. INOUT, WRONG SEQ. 
The sequence of the isotope mixtures is wrong. Check card 6. 
ERROR, MIXT. INPUT 
The number of isotopes specified on card 6 is larger than KM on card 4. 
ERROR, REGION INPUT 
Cards 8 are not in the correct sequence. 
ISOTOPE NOT SPECIFIED 
An isotope specified in a mixture, card 7 was not specified in the list 
of cards 5. 
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RED. CHECK ON LIBRARY TAPE 
While reading the Library File on the System Tape the tape check indicator 
was turned on. In this case either a wrong file number was used and a file 
containing BCD information was read or the System Tape is physically damaged 
and has to be replaced and rewritten. 
TOO MANY INPUT DATA 
The specified nuclear data input exceeds the machine capacity. 
ISOTOPE NOT IN LIBRARY 
An isotope specification finds no corresponding information in the Library 
File. 
All other error messages refer to a malfunctioning of the computer or even­
tually to erroneous program changes. 
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10. THE "RANDOM WALK SAMPLING" PROGRAM 
10.1 Operational Modes and Specifications 
As already mentioned above, the TIMOC code can be operated in different 
modes (e.g. Initial value problems = Standard Version, Eigenvalue problems 
= ITER * option etc.). In addition, different sampling procedures can be 
applied and a number of quantities calculated optionally. In what follows, 
the various operational methods and specifications are listed in alpha­
betical order: 
ABSC * : Is meaningful only in connection with the slab and the periodic 
cylinder geometry. If it is used, each region is subdivided in­
to 10 subregions of equal volume and the absorption in each of 
these subregions is listed beginning with the innermost subregion 
and going to the outermost one. 
AGE * : The migration area (Fermi Age) is calculated for neutrons slowing 
down below the lowest energy group or the energy specified by 
EMIN *. 
ANGL * : The direction of the flight vector of the external source neu­
trons (primary neutrons) is fixed and has to be specified in the 
input (card 7). 
BLOC * : This specification may only be applied, if the sphere geometry 
is used. It allows to perform calculations in a single unit cell, 
i.e. a parallelepiped with inscribed concentric spheres. In this 
case the region around the unit cell gets assigned a region num-
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ber which is by definition RG + 1, and has to be defined 
max 
as the leakage region. The specification BLOC * results then 
in the neutron not being reflected from the walls of the 
cell - as it is done in an infinite lattice array - but 
leaking out of the assembly. 
CLLD * : The distribution function of the number of collision is 
sampled and in the output compared with a Poisson distribution 
and an equivalent geometrical series. 
COMM * : Allows the user of TIMOC to change instructions of the pro­
gram during the data input (and therefore before execution 
time). It provides the possibility of making small program 
changes (card 11). 
DPAN * x Can only be used in connection with the TIME * specification. 
At each boundary crossing an index is written on the Time Tape 
which specifies the angle interval in which the neutron crosses 
the boundary. The range of cos Çy is divided into 20 equal in­
tervals. Furthermore, in steadystate calculations this angular 
distribution can only be obtained via the Time Tape. 
DUMP * : Gives a dump of all interesting quantities at each collision 
and each boundary crossing. The same can be achieved by putting 
sense switch 4 down (see History Dump, Sec. 10.6). 
ELP * : The "Expected Leakage Probability" version of TIMOC is exe­
cuted. In addition (see Sec. 4.4) LEAK * must be specified. 
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EMIN * : Specifies a lower energy limit which is higher than the lower 
energy limit of the cross sections in use (card 5) 
ENDE * : The energy depositions due to elastic scattering is samplied. 
FLUX * : Region and energy dependent fluxes are calculated by the track 
length estimator. 
GRVE * : To each energy interval an average group velocity is assigned. 
This group velocity is used for calculations of the time para­
meters instead of the discrete velocities obtained from dis­
crete neutron energies. 
ITER * Specifies an eigenvalue calculation where in a multiplying 
medium successive neutron populations are generated. The sample 
values are taken from this iteration process under the assump­
tion that the fundamental mode distribution has been reached 
(see Sec. 6.2). 
LEAK * : Specifies a geometrical region as a leakage zone; i.e. neutrons 
entering this region are assumed to be lost. The leakage region 
has to be specified in the input. 
MTIM * : The mean lifetime for leakage, absorption and slowing down, 
the mean generation time for each fissionable isotope and the 
mean scattering time are sampled. 
NCOT * : Applies only, when TIME * is specified. The collisions are not 
registered on the Time Tape. 
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NCRT * : The same as NCOT * but the boundary crossings are not re­
gistered on the Time Tape. 
RURU * : The Russian Roulette version is used (Sec. 4.2). 
SMEC * : Allows the calculation of differential effects which are smaller 
than the variance of the sampled quantity itself (Sec. 6.3). 
The so-called perturbing regions have to be specified in the 
Geometry Input. 
SRRG * : May only be used together with the TIME * option and the SORSEC 
geometry. If TIME * is specified in the SORSEC geometry only 
the neutrons crossing the window (see Geometry Description) are 
registered on the Time Tape. However, specification SRRG * 
causes all events to be registered. At each crossing or collision 
point a parameter specifying the sector number is written on the 
Time Tape. All sector numbers >^ 9 are set to 0. In the phase of 
scanning the Time Tape the transmissions and fluxes can be ob­
tained for the different sectors, but not the currents. 
STPT * : The source or primary neutrons start from a point source, speci­
fied in the input. Card 7 must be specified. 
STEN * : The source or primary neutrons start with a fixed energy. Card 7 
must be specified. 
TIME * : The time dependent solution is desired. At each collision and 
crossing point all necessary parameters are written on the Time 
Tape (B6). 
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TMAX * : Neutron histories are only followed in the time range O ^  t 
¿ TMAX * . Together with the ELP * version this is a powerful 
variance reducing procedure if time dependent problems are 
treated, (see Sec 4.4 and Ref. (10)). 
TRAN * : The transmission and the current are calculated at each boun­
dary crossing. In the SORSEC geometry these parameters are only 
sampled for the window. See also the SRRG * specification. 
of the flux 
VARC * : Makes it possible to calculate the probable error/for a speci­
fied energy group and region (card 10). 
10.2 Input Data and Formats 
CARD COLUMNS 
1 - 6 
FORMAT 
16 
SYMBOL 
NF 
NF: LOADER reads file NF which corresponds 
to Link 2 (= RWS = WANDOMW WALK SAMPLING 
Program) from the System Tape A5, 0^NF¿9, 
If NF = 0, the execution is terminated and 
all tapes are unloaded. 
1 -60 10A6 TITLE 
TITLE: Title card to identify the job. It 
must agree with card 2 of the NDP input 
data. The field of columns 61-72 is reserved 
for the re-run procedure (see Sec. 10.7) and 
must not be used otherwise. 
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CARD COLUMNS FORMAT SYMBOL 
All following cards are read by the WPK06 input routine (for description 
see Ref. (26)) and must therefore be written in the corresponding formats. 
3 8 -10 BCD Columns 8-10 contain the symbols BCD 
12 i N 
N: number of 6-character-words following in 
columns 13-72 
13-72 n(a6) All specifications and options which are used 
in this computer run. (see Sec. 10.1). 
3a 8 -10 
12-14 
8 -10 
12 cont . 
TRA 
4 , 4 
DEC 
2 ( i ) HMAX, FISMX 
HMAX: number of primary neutron histories to 
be calculated. 
FISMX: number of secondary neutron histories 
to be calculated. Í > ή 1 
When either of these two numbers is reached, the 
calculation is terminated and a full output 
is printed. For an eventual continuation of 
the problem see the "Re-Run Procedure" (see 
Sec. 10.7) 
4a 8 -10 TRA 
12-14 4,4 
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CARD COLUMNS CONTENTS SYMBOL 
8 ­10 DEC 
12 cont. f 
Lower energy limit only if EMIN * is speci­
fied. 
For restrictions see the EMIN * specifica­
tions . 
5a 
6a 
8 ­10 
12­14 
8 ­10 
12 cont. 
8 ­10 
12­14 
TRA 
4,4 
DEC 
TRA 
4,4 
Geometry input data; see Ref. (25) 
II ft 
8 ­10 DEC 
12 cont. 
Only if one or more of the specifications 
STPT *, ANGL *, STEN * are used. 
SPNX 1 x, y, ζ coordinates of a point source 
SPNY y from which the primary neutron his­
SPNZ J tories start if STPT * is specified. 
SSINPï Direction coordinates sin ψ and 
cos φ in the x­y plane, if ANGLE * 
SCOSPJ is specified. 
SCOST: Direction coordinate cos ν (rela­
tive to the z­axis) at the source point of 
all primary neutron histories, if ANGL * is 
specified. 
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CARD COLUMNS CONTENTS SYMBOL 
f STEN: energy I eVJ of a primary neutron his­
tory at the source point, if STEN * is speci­
fied. 
Unspecified quantities have to be replaced 
by dummies or zeros, e.g. if only STEN is 
specified, six numbers (or zeros) have to 
be written before. 
7a 8 ­10 
12­14 
8 ­10 
12 cont. 
TRA 
4,4 
DEC 
i 
Only if MTIM * or TIME * is specified. 
N 
N: number of intervals of the time distri­
bution function; Ν Ú. 20. 
If N = O the calculation of the time distri­
bution function is omitted. 
T(N) Boundaries of the time distribution 
fsec"} 
T(N­l) intervals. (See Sec. 10.4.11). 
The quantities have to be in decrea­
sing order of magnitude. If T(0) is 
T(0) omitted it is assumed to zero. 
If TMAX * is specified it is set equal 
to the highest interval boundary, i.e. 
TMAX = T(N). 
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CARD 
8a 
9 
COLUMNS 
8 ­10 
12­14 
8 ­10 
12 cont. 
CONTENTS 
TRA 
4,4 
DEC 
i 
SYMBOL 
Only i: 
N 
f GRVE * is specified. 
N: number of group velocity parameters. It 
must be equal to the number of energy groups, 
i.e.: N = IM 
9a 
10 
8 ­10 
12­14 
8 ­IO 
12 cont. 
TRA 
4,4 
DEC 
i 
10a 
11 
8 ­10 
12­14 
8 ­10 
TRA 
4,4 
OCT 
r ­ι 
group Ν.¡cm sec 
T(N) Average neutron velocity in energy 
] 
T(N­l) The quantities have to be in de­
creasing order of magnitude. 
T(N) > T(N­l)... 
T(l) 
Only if VARC * is specified. 
L: number of geom. or material region 
I: number of energy group for which the 
probable error of the flux is calculated. 
Only if COMM * is specified. There must be 
as many pairs of cards 11 and 11a as there 
are instructions to be changed. 
12 cont. I: is the octal address of the instruction 
to be replaced. It is the address in the 
listing and is relocated in the computer. 
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CARD COLUMNS CONTENTS SYMBOL 
i J: Octal representation of the 36 bit string 
replacing the contents of the address I in 
the original version of TIMOC. If the changed 
instruction contains an address, the absolute 
machine address has to be used. Since in 
Fortran II Version 2 the main program of RWS 
is loaded from location 3000 (octal) one has 
to add this number to all addresses. 
11a 8 -10 TRA If the foregoing card was not the last change, 
else: card lib 
lib 
 -  
12-14 
8 -10 
12-14 
4 , 4 
TRA 
3 , 4 
12 1 - 6 16 NF 
1^ NF^ 9 : LOADER reads file NF which corres­
ponds to a Link 1, Link 2 or Link 3 problem. 
This means either a new problem with "NUC­
LEAR DATA PREPARATION" and "RANDOM WALK 
SAMPLING" or only a new "RANDOM WALK SAM­
PLING" run is performed. 
NF = O or blank: The execution is terminated 
and all tapes in use are unload. 
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10.3 The Intermediate Output 
The first line of each page belonging to the output of the Random Walk and 
Sampling Program contains the name of the code, TIMOC, and the job title 
specified on the title card (see card 2) 
1) It starts with a print out of the Geometry Input Data. 
2) After completion of each 1000 primary histories in the Standard Version 
or of each 1000 secondary neutron histories in the ITER-Version, an in­
termediate print out of certain integral quantities is performed. These 
quantities are always cumulative density functions from the beginning of 
the sampling procedure (i.e. the first history). They are: 
a) The Number of Histories (see 10.4.2) 
b) The Leakage (see 10.4.3) 
c) The Slowing Down Density (see 10.4.4) 
d) The Multiplication Factor (10.4.7) 
e) The Mean Production Time (see 10.4.8) 
f) The Mean Destruction Times (see 10.4.9) 
g) The Mean Number of Collisions (see 10.4.10) 
The definition of these quantities can be found in the following chapter (10.4). 
At the same time as this intermediate print-out is made, the whole content of 
the computer is written on tape B5. This makes it possible to continue the 
computer run if for any reason (interruption, machine error etc.) it does not 
reach completion. For the "Re-Run Procedure" see Chapter 10.7. 
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10.4 The Final Output of Sample Values 
10.4.1 General Remarks 
A full output of all quantities sampled during the execution of the Random 
Walk Sampling (RWS) Program is performed when the maximum number of primary 
or secondary histories specified in the input is reached (card 4). It can 
also be achieved by pressing Sense Switch 5. 
The print out begins with the following general information specifying the 
problem which has been calculated: 
a) Job Title Card 
b) Specifications and options used in this computer run 
c) Geometry Input Data 
d) The Source Region or the Source Point, if specified 
e) The Free Storage Locations (Printout: THE MACHINE IS FREE FROM ... TO ... 
As described in Chapter 6 the code can operate in two different modes, treating 
initial value problems or performing eigenvalue calculations by the source 
iteration procedure (see Chapter 2). The sampling formulae for these two ope­
ration modes are described separately under the headings: A) "Standard Version 
and B) "ITER * Version". 
Furthermore the sampling procedure changes if the Expected Leakage Probability 
method is used. The corresponding sampling formulae are listed under C) ELP * 
Option". 
The ELP * option can be applied to both the Standard and the ITER * Version. 
The formulae are only quoted for the Standard Version. The changes for the 
108 
ITER * Version are analogous to the difference between Standard Version and 
ITER * Version if the ELP * option is not used. 
The normalization of the results is different for the Standard Version and 
for Eigenvalue Calculations (ITER * Version). In the Standard Version the 
sampling results, except for k „., "TT—, and TJ „„, are normalized by the 
eff ° PR DE 
number of source neutrons introduced into the system. This is obvious in the 
case of non multiplying media. In the presence of fissionable materials the 
sampled quantities (e.g. leakage, absorption etc.) have logically to be de­
fined also as reaction rates per incident neutron. The variance calculations 
require however that the averages are calculated over all scored histories, 
i.e. primaries and secondaries. In the code one averages therefore first by 
(H+N)W and multiplies afterwards the reaction rates by s = ^ ' . For most 
tf«ll of the integral quantities such as reaction rates Q , k , mean times etc. 
the probable error (P.E.=) is sampled. According to definition it is the 50% 
confidence interval. 
The normalization factors of the following paragraphs are listed here and 
defined by: 
s= (H + N)/H (10-la) 
SA­D — > \ A / Ρ 4­ \ \ . / (10.2a) AB - Σ w h i H ?AB + γ_ \j ι 
hi n,i ï M 
C _ Σ Σ \ /LE \ ~ ' ι / L E (10.3a) 
,3 
η 
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Seo-Σ κ ? + Σνν^1 
h n 
SD 
(10.4a) 
$*-ΣΚκ?η + Σπ;HR (10 .5a) 
and 
SAB + SLE + SSB = (H +N)lV0 J = S «o.e.) 
In the ITER * Version (Eigenvalue Calculations) the summation over h is 
omitted, i.e. 
·,}· 
In the Expected Leakage (ELP*) Option the normalization factors become: 
ELP ν *. χ SAB = Z_ K,t ζΒ + Σ K>i RB < 1 0 · 2 " 
cELT_ y , / L E V i / L E 
° L £ - ¿__ W h . ■+· / VV , (10.3C) h'¿ 'M 
\D~ ¿_Wh,2 ï l_K C10-4C) 
h. η 
C ELP ~ 
¿> = O (10.6c) 
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Some variance calculations which are shown in the following chapter require 
that 7 w = H. 
h ° 
10.4.2 NumberofHistories 
The program distinguishes between primary and secondary neutron histories 
and prints the following quantities: NUMBER OF PRIMARY HISTORIES (= Η), 
GEN. SECON. = G ( G o w ) , CALC. SECOND. = N^.^,,) . The "number of 
>- oMEC J u oMEC J 
primary histories" is the number of source neutrons introduced into the 
system. The "generated secondaries" is the number of neutrons produced by 
primary and secondary neutrons (in a multiplying media) and the "calculated 
secondaries" is the number of actually calculated secondary neutron histories. 
If the ITER * Version is used, the "number of primary neutrons" is of the 
order Of 200 for a system around criticality. In this case primary neutrons 
are injected into the system until 200 secondaries are produced and stored 
in the buffer storage (Sec. 6.2). 
Users should also notice that in the ITER * Version the number of "GEN. SE­
COND", is about 100-300 higher than the "CALC. SECOND." These are the neu­
trons "waiting" in the buffer at the moment when the calculation is terminated. 
It is also important to remember that the ratio of "GEN. SECOND." to "CALC. 
SECOND", is not an estimate of the multiplication factor, as can be seen 
from Sec. 6.2. 
The numbers (Goir,„ and Ν_,„_„) in the brackets behind "GEN. SECOND", and SMEC SMEC 
"CALC. SEC", refer to the SMEC * option of TIMOC, i.e. the calculation of 
small effects. If the region specified by SMEC * contains fissionable mate­
rials the number in the brackets records the neutron histories generated 
(or calculated) in this region for which a perturbation effect is calculated. 
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10.4.3 Leakage (optional, by LEAK *) 
Associated with this quantity is a specific leakage region designated as 
such by the input. When a neutron first enters this region, its current 
weight is recorded and the history terminated. Two values are sampled and 
appear in the print­out: TOTAL LEAKAGE = Q¥_, and UNCOLLi. LEAKAGE = 0° 
(uncollided leakage), followed by their probable errors in the next line. 
The print out is omitted for a zero leakage rate. 
A) "Standard Version": the leakage rates (normalized by the number of 
primary neutrons H) Q are determined by 
Q ^ ( Z K M W 3 5 S (10.7a) 
n 
where W. ,(W _) = neutron weight of a primary (secondary) history after h,J n,J 
the last collision J at the moment of entering the leakage region. 
The probable errors which follow in the next line are calculated by: 
ÍH 
LE 
h,3 + 
η 
X-, 
VJ s - Q, 
2.17Γ 
LE 
(10.8a) 
UNCOLLI. LEAKAGE is calculated for J = 0, i.e. for neutrons which leave 
LE τ.T*! 
the assembly without suffering a collision (W = w y and W h,J h,0 
LE v 
= wyj. 
LE 
η,J η,O 
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Β) ITER * Version: The leakage rate is given by 
ο:; - Σ w¿E s"1 IT 
η 
and 
CÍO.7b) 
?.L·-ÍÑ V / 
η 
κ) s;: -Κ) (T il? (10.8b) 
The uncollided leakage is calculated for J = 0. 
C) ELP * Option : each collision process contributes to the leakage rate 
ELP Q and the corresponding formulae read like this IE 
H.J M ' (10.7c) 
and 
BE.= c 
ÍH h '-<1+ η 
EL?\' 
s j 
, /*1­E\2i ,­T1 Ki )J s ■ 
(10.8c) 
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10.4.4 Slowing Down Density 
The slowing down density is determined whenever the neutron energy takes 
a value below the lowest energy group or the energy limit specified by 
the EMIN * option. In the print out it appears as: SLOWING DOWN DENS. 
= Q and the corresponding probable error. ou 
A)C) Standard Version (also in connection with the ELP * Option): the 
slowing down density Q is calculated by 
ΜΣνν^+ΣιΟΛ (10.9a) 
η 
and 
P.E.-
Q. 
\ i 
SD 
s / (10.10a) 
The SLOWING DOWN DENS, is equivalent to the EPSILON factor in the MOCA codes. 
There it is defined as a generalized fast fission factor. For further details 
see (1), (2) and (3). 
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Β) ITER * Version: the slowing down density i s sampled by 
η 
and 
κ » d lZ(w3/s,T - (0: 
' ' L η / 
(10.10b) 
10.4.5 The_Fermi_Age (optional, by AGE *) 
The Fermi Age is calculated from the displacement of a neutron between its 
origin r (x ,y ,z ) and the point r (x ,y ,ζ ) where it slows down be­
O Ο Ο Ο oD öD bD ùD 
low a preassigned energy limit E . . In the presence of fissionable mate­
rials the migration distance of secondary neutrons is measured from their 
sponding primary neutron's birth place r. , (x, , , y, , , ζ, , ). 
hjo hjo h,o hjo 
corresi 
The preceding results refer to all neutrons acquiring an energy below E 
min 
There is some possible ambiguity if Ε . is greater than the lower limit 
min 
of the fission spectrum since neutrons born below E . are given a final 
min 2 weight WL = 1.0, a displacement (x^ _ ­ χ ) = 0 and are included in h,o h, J h,o 
the above sums. 
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The print out reads like this: 
FERMI AGE = TJ , AGE(x) = f y , AGE(y) = Zy , AGE(z) = T E 
and below: 
PROB. ERROR = P.E.(χ), P.E.(Tx), P.E.(Ty), P.E.(TZ) 
A) Standard Version: According to the definition in the literature the 
Fermi Age is calculated by the following sampling procedure for each space 
coordinate separately: 
t x 6 
h 
Kp kp Λ°)+ Σ W¿\,,-xn,o) S 
η 
2 ς 1 
SD 
(IO.Ila) 
where W, , is the weight after the last collision where the energy becomes h, J 
lower than E ; χ, „ is the x-coordinate of the last collision point and min' h,J 
χ,, ,, is the birth place of the primary ancestor of the n'th secondary h(n),o 
neutron. 
V£, óW Ñ^ WSK-XJ+ l L h 
+ZKS>^J]C~W 
π 
(10.12a) 
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The moments *T~ and T z are calculated in the same way and the total 
Fermi age is the sum of the different space moments, i.e. T=-~CX + Ty ·+ Tz · 
B) ITER * Version: the Fermi Age is not calculated. 
C) ELP * option: the weight factor W^ , (W ) is replaced by W* „ (W* V c h,J n,J * h,J n,J 
10.4.6 Production to Source Ratio 
In the presence of fissionable materials the number of secondaries for each 
fissionable isotope is sampled separately and printed in the following out­
put statement: 
NUCL. NUMB. K = (k) PRODUCTION/SOURCE = Q PR 
The identification number (K) coincides with the one in the print out of 
the Data Preparation Program § 9. 
A) Standard Version: the production to source ratio = Q is normalized 
PR 
by the number of source neutrons introduced into the system. 
ο,^\Σκ^Α^ΣκέβΑ) /HW0? 
(10.13a) 
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with 
vn(k)-y(k)znbfi: TO 
B) ITER * Version: 
"•i 
The physical meaning of this quantity is the contribution of each fission­
able isotope to the multiplication factor. The sum of all production to 
, coll» source ratio values gives the multiplication factor (k .. ). 
. 10.4.7 The Multiplication Factor 
For the determination of the multiplication factor both the track length 
estimator and the collision estimator are used and the results are com­
bined by an error minimizing procedure as described in Sec. 4.6. 
A) Standard Version: the dynamic multiplication factor k is sampled 
and the following pring out is listed: 
K(EFF.-C0LL.) = k*r0lî K(EFF.-FLUX) = k*lu? K(EFF.-DYN.) = k. 
dyn dyn dyn 
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The sampling formula for the multiplication factor obtained from collisions 
i s : 
k coll 'dyn ΣΚ,,ρΡΕ+χινη, ρ 
h.í η4 ,^"
1 'PR S 
with 
Var(Cn) = 
1 h 
nZ ΣΚ-, 'i 'D ­f 
+ 
η 
- i l 
Κ Η ^ 
¿ 
­ι / , coll ¿ S ­iL·) 
(10.14a) 
and 
P . E . - c VÈuN" L VarlC 
colivi 2 
dyry (10.15a) 
The sampling formula for the multiplication factor obtained from flux cal­
culations is: 
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C­ {Σ [(ΣΚ,, \) + κ, RM] Σ » Σηοο* 
1 h i k 
+ 
η * 
Κ4.\)ΜΛ^ν^ΣΜ^ 
and 
Τ?Ε> YÍÜÑ Var (lv 
i 
2 
with 
(10.16a) 
(10.17a) 
Var(¿ynX)= ¡ Γ . 4-
n 
Ί2-1 -1 / . f l u 
S - dyn 
The covariance is obtained from 
120 
/. coUt flux 
CovlKdyn,Kdyn 
h 
K/..Ç, 
a 
Zyoozjols"' (10.18a) 
The minimum e r r o r combination of the va r i ances and the covar iance leads t o : 
dyn < k^
0 l l
+ ait k f l u x dyn dyn (10.19c) 
where tx., and o¿z are determined as described in § 4.6. The same holds 
for the variance of K(EFF.­DYN.). 
B) ITER * Version: the code samples the multiplication factor k as de­
fined in Sec 2.1 and lists in the print out: 
K(EFF.­Coll.) = k^i1, K(EFF.­FLUX) = k**"*, K(EFFECTIVE) = k „ eff eff eff 
n4 / 
IT 
VarCO­äEty^P™ S y 
Π L 
, coll f 
Reff] 
(10.14b) 
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and 
P.E . ­ c coll ' ÏF L Var ( Q (10.15b) 
^4Σ[(ΣΚίΑ.^ΑίΣν&) Fl ík) si IT 
flux Var ( beft ) = 
-.21 s,T-(C) 
η (10.16b) 
RE.- f lux v 1 2 Var(feeff) (10.17b) 
Both sample values of the multiplication factor are combined to 
coll flux K(EFFECTIVE) = θίΛ k °Z + 0¿, k Λ 
eff eff 
(10.19b) 
where oc. , οι. and Var(k .„) are calculated as shown in Sec. 4.6, Ί * eil 
C) ELP * Option: W^ , , and W , , of the collision estimator have to be h,j-l n,j-l 
replaced by W^ . and W , (eq. 4.15). In the flux estimator the term h,j n,J 
[(T W ^ - Dh.) + totaRhp] has to be re"laced b* 
\ /»LE r> ^^ a s shown i n Eq. ( 4 . 1 4 ) . 
3 
h'5 h'J 
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Small Effect Calculation of the Multiplication Factor (Optional, by SMEC *) 
If the SMEC * option is used there appear in the print out additional multi­
plication factors which are called: MULTIPLICATION FACTOR IF THE SMEC * RE­
GION IS BLACK: The next line contains the same quantities as described above 
but calculated under the condition that all neutron histories after touching 
the specified region are treated as perturbed histories and do not contri­
bute to the multiplication factor of this (second) print out. The perturbed 
region is specified by a number in the geometry input. The SMEC * option is 
applicable to the GSPHER, the SORSEC and 05R geometries. 
As described in the section on "Calculation Schemes" the purpose of the 
SMEC * option is the calculation of differential effects such as, for ex­
ample, the reactivity value of a small part (control rod, safety plug etc) 
of the assembly. 
Usually one has to perform two calculations, one where the region of in­
terest ist filled with the material under investigation and a second where 
the region is empty or replaced by another material (see example 2 in the 
annex). In order to determine the differential effect one has always to 
compare output values for the same number of secondary neutrons. Also the 
"LAST USED RANDOM NUMBER" must coincide in both cases. This is a necessary 
but not sufficient condition to gurantee that both computer runs use the 
same histories. If the region of interest is behind the outer convex peri­
phery of the assembly only one calculation is necessary to determine the 
reactivity value of this region. In this case the second multiplication fac­
tor already gives the value for the unperturbed assembly. (See example No. 3 
in the annex). If the perturbed region contains a fissionable isotope(s), it 
has to get (an) isotope name(s) which is (are) different from the other iso­
tope names of fissionable materials even if it is physically the same material 
as used in other parts of the core. 
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10.4.8 The_Mean_Production_Time_(optional£_bj MTIM_* or_TIME *) 
The different mean generation times are all calculated as the first moments 
(Eq. (2..Z1) and (*t.29) ) from the neutron's birth to its disappearance, re­
gardless of whether ITER * is specified or not. The Mean Production Time 
Τ (k) of the k's isotope appears in the output statement: NUCL. NUMB. Κ PR 
= k, MEAN GEN. TIME = T T O(k). 
PR 
A) ~C "Standard Version": the mean production time of isotope k is sampled 
PR 
by: 
T, 
- Λ s 
(10.20a) 
where the identification number k of the isotope coincides with that given 
in the print out of the Data Preparation Program. P_D(k) is the fission 
PR 
probability of the k's isotope, which is usually energy and space dependent 
and therefore in a certain sense a function of the collision number j 
[TpR(b)=v(kii:F1(k)/lI!To] · V j and *n.j i s the time from the b i r t h 
to the collision point for a primary or secondary neutron, respectively. 
The probable error follows directly the print out o£ ~l"pp k^^  
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EE.= 
•N 
TpR(fe)J 21­ (10.21a) 
The weighted sum of the partial generation times of the different isotopes 
is the MEAN GENERATION TIME = Τ of the total system. It is calculated 
PR 
in the same way, only P^^/is replaced by the sum y Ρ (k). 
PR ¿-— PR 
B) ITER * Version: 
IT (10.20b) 
and 
P . E . = C IN 
(10.21b) 
~TJ of the total system as already mentioned above. The phys­
Again the weighted sum of the partical generation times is the MEAN GENERA 
TION TIME = 
ical meaning of this quantity was already discussed in Chapter 2. It is, 
roughly speaking, the mean time between successive neutron generations. 
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C) ELP * Version: W, , ,, (W . ) of the collision estimator has to be h,j­l n,j­l 
replaced by W* . (W* .) of Eq. (4.15). 
10.4.9 The Mean Destruction (Absorption and_Leakage)_Time^ 
(optional, by MTIM * or TIME *) 
The mean destruction time is defined as the mean time a neutron stays in 
the reactor before it is either absorbed or lost by leakage or if EMIN * 
is specified, by slowing down below the lower energy boundary. The following 
mean destruction times are listed in the output: 
MEAN DESTR. TI = Τ„„, MEAN ABSOR. ΤΙ = Γ Α„ 
DE AB 
MEAN LEAK. TI = T T _ , SLOWING DOWN T . = "TT 
JLh oli 
A) Standard Version: the different partial destruction times are calculated 
in the following way (see Eq. (4.31)): 
MEAN ABSORPTION TIME Τ AB 
M ΚΛΛ + 
+ Z X A J Ρ­
"4 
­1 S Α£ (10.22a) 
D, ι \— ­L^hq 
where t^= \ ^TCÍÊ: 
and D the distance between collision points. 
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and 
PE. (0­ .^ A2> 
+ 
"4 ^
tnjWn^í^JS^ ~TAß 
(10.23a) 
MEAN LEAKAGE TIME X LE 
LE .ÆH^+^tnLjwn^JSLI 
h 
(10.24a) 
LE and t is the time at which the neutron, after its last collision J, h, J LE leaks out of the assembly with weight W. 
h, J : 
t LE τ χ , R h, ' "è-crc CÍE; 
where R, , is the geometrical distance from the last collision point J h, J 
to the outer boundary along the flight vector. 
IH+N 
+ (C)ww. LE 1 ^
_/| 2. 
S L E - "Cu 
η (10.25a) 
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MEAN SLOWING DOWN TIME Τ = 
h 
tvK>zcw:)s 
n 
SD \ / S D \ C " 1 
SD 
(10.26a) 
t is the time to the last collision point, where the neutron energy n,«J 
falls below the lower threshold. 
r. tATc-J 
ΪΓΗΝ 
SD Γ, /SD 
L h 
(Ό Κ + 
íi /SD +irø κ 
η 
i 
2 τ« SD ( 1 0 . 2 7 a ) 
MEAN DESTRUCTION TIME X DE 
ΚΛίΛί^Λ, t 
η 
t n j WnJH K + 
11 ~1 
( 1 0 . 2 7 a ) 
LE LE SD JSD where t u _ WK _ = tf~ T WT*. o r t " W~ h,J h,J h,J n,J n,J n,j. 
The Mean Destruction Time is the weighted sum of all the partial mean 
values, i.e. 
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ΡΕ.(τΌε)= ÍH+N h ΣΚΜ,ίΜ+Κ,Μι i -
sv 
+ 
η 
r~1_T2 / ' 
IF XOT. Φ O, the destruction time has only a restricted physical meaning 
since a neutron history is cut at a certain energy threshold, which, from 
a physical point of view, is an arbitrary operation. 
B) ITER * Version: 
MEAN DESTRUCTION TIME X IT DE 
η 
¿AX^Pj+tnpWn,: 
Í 
S τ 
and 
(10.28b) 
PE.(x;rE)= c Ν η tAXi-^h j 
+"tn,j IVn,; s;; ­ β IT 3)E 
1 21 I (10.29b) 
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IT IT IT The sampling of T.oi "^το T c n a n d their probable errors is performed AB Lib oU 
in the same way and does not need to be written explicitly. 
C) ELP * Option: Eq. (10.28) changes for the mean destruction time to: 
T. EL? DE h i J 
η 
Q W¡i +1 ' · lZ­E)+C W *, | S 
(10.28c) 
and 
ΡΕ.(^>-^Η™+<Χ-> 
+(* M) KJ ­1 s + π s
i-(rr2,i 
(10.29c) 
The sampling procedure for the partial destruction times ~CÙM' T V E a n d 
T~ follows directly from Eq. (10.22a) to (10.27a). 
v­ SD 
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10.4.10 TheNumber ofCollisions (optional, by CLLD *) 
The print out lists: MEAN NUMBER OF COLLISIONS = Q (for the whole system), 
I) The Mean Number of Collisions 
A ) Standard Version: 
M?ÇK,HPSC^ZW^).S.S1 
n 2 n i ' 
(10.30a) 
and 
¿i 
-1 
S - S CL (10.31a) 
B ) ITER * Version: 
ct-ÍZIw^pJs 
n 1 
-1 
IT ( 1 0 . 3 0 b ) 
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and 
^^^^ffrlÇ^ÍWn^Psc^-CtJ4 
(10.31b) 
CT) ELP * Option: the quantities W^ , , and W , , are replaced by W* ., x e h,j-l n,j-l * ' h,j 
and W , resp. n»J 
II) The Distribution Function of the Number of Collisions 
If the specification CLLD * is used the distribution function of the number 
of collisions is also given in a table containing the fraction of neutrons 
undergoing one, two, three etc. collisions. For the purpose of comparison, 
the corresponding Poisson distribution and the geometrical series having 
the same mean is listed in the print out. The heading of this list reads 
like: NB. OF COLL. NEUTRONS/POISSON/GEOM. S. The list contains in each 
line in consecutive columns: the number of collisions as an integer, the 
corresponding fraction of neutrons which make this number of collisions 
during their life (normalized to unity), the Poisson distribution, and the 
distribution of a geometrical series. 
The distribution function is given as the number of neutrons suffering J 
collisions before removal by leakage, absorption or slowing down. The 
Poisson distribution and the geometrical series are both normalized to 
the mean number of collisions provided by the Monte Carlo calculation. 
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The fraction of neutrons which suffers 100 collisions and more are printed 
together in one line. The last line contains the sum of all previous quan­
tities. They are unity, except for the last two numbers and there only in 
the case of more than 100 collisions. The difference between one and the 
printed sum is just the contribution of terms with an index n)> 100. 
ATT) Standard Version: 
QcA>-
L h KrKíJ+BKrw^ 1 ­ 1 s. (10.32a) 
The zero collision contribution is calculated separately by the un­
collided leakage term. 
Β ) ITER * Version: 
Ln ° o J 
7 ­1 
IT ( 1 0 . 3 2 b ) 
C ) ELP * Opt ion : 
The q u a n t i t i e s WL , , and W , , are r e p l a c e d by W* and W r e s p . 
h , j - l n , j - l r h , j n , j 
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10.4.11 Production and Destruction Time Distribution (optional, by 
MTIM * or TIME *) 
The two functions are defined by Eq. (2.19) and Eq. (2.20). In the lite­
rature similar functions are described under the name "Distribution of 
(lowing down times to first fission" 23 , 24 . 
In the print out, the heading of these tabulated functions have the fol­
lowing meaning: 
"tg+1 
Γ 4- 4- Ί τνη- -, T.-T- Γ Γ 
TIME INTERVAL 
u J v , J ; L 
[-tg-tg+1] j pitoj>.Ti*ür [=[QPRft)dt]; 
tg 
^ Γ -ir Ί 
DE.TUÜT [= fQjEÌtìcLtJ^ PR.TI.il [-(Vtg)JQPR(t)citJ^ 
■ (V-t9)'lQDEft)cLt, co.To.PR.Ti. [- JtQ,R(t)dt 5E.TI.DI 
C0.T0.BE.TI. 
;g+i 
- tQ.,(t)dt LE 
Neutrons born with an energy smaller than E appear only in the normali­min 
zation factor of the denominator of the following equations. 
If the TMAX * option is used, neutrons with a lifetime larger than t 
max 
are excluded and are not considered either in the mean values or in the 
distribution functions. 
The time intervals printed in the first column have to be specified in 
the input (card 8). 
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A) Standard Version: Columns two and three contain the two distribution 
functions ©.„„(t) and G· _(t) integrated over the corresponding time 
fix UL· 
i n t e r v a l , i . e . 
ÍQ?R(t)cLt ­
h i 3 k 
+ 
n i Kn W S 
­1 
g k PR (10.33a) 
where 
HJ-Î 
Λ 
g 
V 
ÍK-
τ ¿τ ¿ f 
' Λ ' » 
V. 0 o t h e r w i s e , 
and 
fr ¡ο^)άϊ-\Σ(ΣκΜΚ+κ^ 
h 1 1 
+ 
+ Σ(Σκ,^Κ<,Ί) s1. 
(10.34a) 
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The next two columns contain the mean value of the function Q (t) 
DE 
and Q (t) in the specified time interval, i.e. PR 
QA)­T^ÍQTR(t)dt (wy t 
(10.35a) 
and 
tg­M 
3 y tn 
(10.36a) 
The last two columns contain finally the contribution of the particular 
time interval to the corresponding mean production and mean destruction 
time or in other words J t Q n ( i ) d t and JtQ^c^CjLt t i.e. the im­
c<? 
portance of the interval for the mean value "Γ n and TV»­· 
PR DL· ig+1 
/tQp„(t)clt­ · ^·Κ1Σ^ω+ h j fe 
+ 
η 
- 1 
(10.37a) 
and 
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tg+ i 
ft CL (t) dt-DE ¡Σ Σ^Η^Μκ^ 
1 h j y h/JJg 
+ 
+ Σ^π,-ΐκ Φ;:^Ι\ s: „„. 38a) 
B) ITER * Version 
t 
¡Q>& - ΣΣμΛΣ?ΡΜΚ ) (10.33b) 
and 
-gn 
íQ;TE(t)dt- ",r(J 
Γ. .LE SD P«+LW, l3+W„A s -1 IT 
π ί 
(10.34b) 
The other formulae for the time distribution functions change in the 
same way as in the Standard Version described above. 
C) ELP * Opt ion: 
The 
and 
terms |_ Whj'-^J -
E wL+w*1 
t 
M vh,j J g 
'Khi of the above equations have to be replaced by 
w, M. respectively. 
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10.4.12 The_Fission_Rates 
If there are fissionable isotopes, the mean number of fissions per initial 
neutron is printed out separately for all different regions 1 under the 
following lable: RG = 1, NUCL. NO K = k, FISSIONS PER PRIM. NEUTRON ■ Q„ T. 
The region number (RG) and the isotope identification (NUCL. NO) coincide 
with that given in the print out of the NDP programme. 
A) Standard Version: 
<V- [Σ ΣΚΗ pn(w*I Σκ,3„ ?,(U)]/HW0? t 
UM)' E F , ( U ) ΣΤ0(1) (10.35a) 
The number of fissions, however, is not calculated in the above indicated 
manner which would require an extra sampling procedure at each collision 
point. The calculation is actually performed via the energy dependent ab­
sorption rate described later on in the manual, i.e.: 
flux 
QA.(U)Qw(l.U0 D il bi = V — ­ (10.36a) 
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where Q.R O,i) is the absorption rate in the energy group i and 
the geometrical region 1. 
The physical meaning of the fission rate is simply the number of fis­
sions per primary neutron. The ratio of the multiplication factor k 
and the sum of the fission ratios gives the averaged y -value of the 
system. 
In lattice calculations one can calculate directly the fast fission 
ratio 0 O Q , O OK» etc. from this quantity by multiplying it by the 
thermal value \Χ. of the system under consideration. 
* tn 
B) ITER * Version: 
οΣ\ΣΣΚίΛΜ)\%. -1 (10.35b) 
C) ELP * Option: 
Wh|^(Wn,j-0 of the above equations is replaced by 
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10.4.13 Last Used_Random Number and Total Number of Records on Time Tape 
The quantity: LASED USED RANDOM NUMBER is a print out of the initial random 
number of the last neutron history. In TIMOC a special subroutine produces 
for each history a new initial random number which is the basis for a chain 
of random numbers in the history under consideration. This technique is used 
to allow the calculation of differential effects. In calculations where no 
'multiplying media are used, this number can be used to continue a calcula-
/ tion and can be fed in by means of the COMM * option. The number is located 
/ at 1RNIN (see the corresponding description). 
If the TIME * option is used the TOTAL NUMBER OF RECORDS ON TIME TAPE is 
printed. It gives an indication of the space used on the time tape. A nor­
mal tape may contain between 4.000 and 5.000 of these records. One record 
contains the parameters of 100 events (boundary crossings and collisions). 
If the number of collisions is ¿_j(h)+ Z_ Jvn' > 0f boundary crossings h 
X_G(h) + ¿_G(n) a n d o f histories H+N, then 
£[3(h)+G(h)+l] + ]T[j(n)+G(n)+l] = 100-R 
n 
(The starting parameters of a neutron are also subject to the contribution 
to the time tape). If the NCOT * option is used, this reduces to: 
ZG(hi+Z.G(n) =100R 
n 
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10.4.14 Energy_Dependent Flux and Absorption Rates (optional, by FLUX *) 
The print out of the energy dependent flux and absorption rates is done in 
a table under the heading of RG, ENERGY GROUP, ABSORPTION, ABSORP./VOL., 
FLUX(E)*DE*VOL, FLUX(E)*DE, FLUX(E), and FLUX(E)*E. In these labels FLUX(E) 
stands for energy dependent flux, E for energy and DE for ^E = E - Ε , 
where the E. are the boundaries of the different energy groups. The column 
labeled with RG contains (in integer form) the region number of the spatial 
region 1. This number coincides with that given on the print out of the NPD 
Programme. The column labeled ENERGY GROUP contains the boundaries E in MeV. 
FLUX(E)*DE*VOL (= G· ) is the basic quantity being sampled during the cal-
Flux 
culation. It is the volume and energy integrated flux calculated by the track 
length estimator for each region and energy group separately. 
A) Standard Version: 
E; t M 
C U M - JdEJdV(i)(r,E) = 
Ei vv 
K^VK^V1 L h i 
-f 
n 
K^kM+KMJi{^ 
(10.37a) 
where D^ .(l,i) is that part of the distance between the (j-l)th and the h, J 
j'th collision which lies in region 1 and R .(1) is that part of the 
" i 3 
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history track length which lies in region 1 after the last collision. 
Usually R._ , is the track length before leakage. W,_ (i) indicates h,j h,j 
that the summation is only performed over collisions which belong to 
the energy group i. 
B) ITER * Version: 
IT 
onji<)~-{ΣΙΣνι^β^ιΐ 
+ wMa)iyi)}s;1. 
-h 
(10.37b) 
C) ELP * Option: 
,EL? 
On-M-JU^wi^fflti^eiR αϊ 
η 
tw;.a)D^(í)+wn7(t)P^(ι)}·s·s", 
(10 .37c) 
( see Eq. ( 4 . 1 4 ) ) 
If both ITER * and ELP * are specified, Eq. (10.37) has to be written in 
the form of Eq. (10.37b). 
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FLUX(E)*DE is the volume averaged flux integrated over the energy in­
terval Ε.,Ε I, i.e.: 
L J J+1J 
FLUX(E)*DE = ¿"Q_, . (10.40) 
V Flux 
FLUX(E) is the average flux value with respect to energy and geometrical 
region 
FLUX(E) = V1 (E.+1 ­ E.) V u x ( 1 0 · 4 1 ) 
3 
where V is the volume of region 1 (in cm ) and (E ­ E ) the energy 
difference in eV. 
FLUX(E)*E is the product of flux and energy (mainly for the purpose of 
plotting): 
Q f E + E ) 
^Flux V i i+l' FLUX(E)*E ­ x _ · ­ ¿ — ­ · (10.42) 
Vl (EÌ+I V 2 
All other quantities in this table are directly derived from O, 
Flux 
ABSORPTION: The energy dependent absorption rate is calculated as the 
mean value for each geometrical region 1 and energy group i by multi­
plying the flux value Q (l,i) with the corresponding macroscopic ab­
sorption cross section. 
Σ^ΛΛΐ,ί). ABSORPTION = Q^n · Ζ_ιΛ„(1, i). (10.38) 
Flux AB 
3 This value is also printed out per unit volume (cm ) 
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ABSORP./VO = Q F l u x ­ z Z ^ d . i ) · v"1 (10.39) 
The track length estimator is used for the fact that it has in many cases 
a lower variance than the collision estimator. 
Ç£ï2£_Çâl£lÎÎâti2?î_î2S_5_§Eeeif ied_Geometrical Region and Energy Groug 
(optional by FLUX * and VARC *) 
The calculation of the variance of the flux (and associated quantities) for 
all energy groups and geometrical regions would be a very time consuming pro­
cedure. Upon specifying VARC * the code provides an estimate of the P.E. in 
one phase space interval (energy group "i" of region "I"), Contrary to the 
other error calculations, P.E. Q (1,1)1 is given also in percents, a 
number which holds for all quantities which are linear functions of Q Q»i). 
The print out reads: 
PROBABLE ERRORS = (E12.5) % 
followed by a line which corresponds to the original heading RG, ENERGY 
GROUP, ABSORPTION etc. In this line the region number "I" and the energy 
group boundaries are followed by the error margins of the different quanti­
ties, i.e. Ρ·Ε· [QAB(^,i)J ' etC* 
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10.4.15 TheTotal Absorgtion 
The total absorption is calculated separately by the track length estimator 
and the collision estimator during each neutron history. The results are 
combined in the output by minimizing the error. The corresponding formulae 
are given in Sec. 4.6 (Double Sampling for Multiplication factor and Ab­
sorption Calculations). They correspond exactly to the formulae calculating 
k or k (if ITER * is specified) except for the fact that yj"~| 
and Ρ are replaced by ^> ' and Ρ respectively. 
årΚ Ab AD 
10.4.16 Sgatial Fine Structure_of the_Absorgtion 
If one uses the SLBCYL geometry and the ABSC * option, one can further get 
the spatial fine structure of the absorption in each region. For this pur­
pose each geometrical region is divided into 10 subregions of equal volume, 
In each subregion the absorption is summed over the whole energy range. In 
this case the absorption is determined from the collision estimator (des­
cribed in detail in the description of the SLBCYL geometry). 
10.4.17 Transmission_and_Current (optional, by TRAN *) 
If the TRAN * specification is used energy dependent transmission rates 
and the currents are calculated through surfaces defined in the geometry 
programme. 
The quantities which appear in the print out are headed by a line, which 
contains the labels RADIUS, RG, ENERGY GROUP, TRA(IN/0UT), TRA(0UT/IN), 
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TRA(SM), CUR(IN/OUT), CUR(OUT/lN) and CUR(SM). These bivariate tables give 
the transmission and current through surfaces as a function of energy group 
i and surfaces o, where the surfaces are uniquely related to the regions I . 
The column labeled with RADIUS contains in the case of the GSPHER geometry 
the actual radius of the surface crossed by the neutrons. In the case of 
the SLBCYL geometry it contains the radius of the surfaces in the cylindri­
cal case and the distance from the origin in the slab case. 
The column labeled with RG contains in the spherical and cylindrical cases 
always the higher region number of the two regions on each side of the sur­
face, i.e. RG = 1 means the surface between region O and region 1. In the 
slab case this column contains the lower of the two region numbers with an 
exception when the boundary lies between the region 0 and the region with 
the highest possible number (see also the description of these geometries). 
In the SORSEC geometry only the transmission through the "window" is de­
termined. The printed region numbers refer to these regions which are cut 
by the window. As the quantity "radius" is in this case meaningless, the 
floating point representation of the material region number is printed in 
this column. The same holds for the RDCLST (rod cluster) geometry. Here 
again the column labeled with radius contains the floating point repre­
sentation of the material region number. For further details see the geo­
metry description. 
The column labeled ENERGY GROUP contains the energy group boundaries (Ε , 
Βι+ι>· 
The transmission is defined as the number of neutrons entering or leaving 
a geometrical region through its surface within the specified energy group. 
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TRA(IN/OUT) = Q T R A + is the number of neutrons leaving the specified region 
2 through its surface per unit aerea (cm ) . 
+ 
W (l,i): weight factor of a neutron track (belonging to the energy group 
E ) crossing the boundary of region I in the "outward" direction, i.e. 
cos C^ y O, where cost* is the cosine of the neutron track with regard 
to the surface normal. 
F. : surface of region 1 . In the case of an infinite (twodimensional) 
cylindrical geometry the surface is replaced by the circumference. In the 
slab geometry this quantity is set to unity. 
TRA(0UT/IN) = Q_,DA gives the neutron transmission into the opposite direct ion TRA -
TRA(SM) is the sum of both quantities, i.e. 
TRA(SM) = TRA(IN/OUT) + TRA(0UT/IN) 
The current across boundaries are defined as the projection of the neutron 
track on the surface normal. The results are split into outgoing CUR(IN/OUT) 
= Q„ I T O, for c o s O . > O and incoming CUR(OUT/IN) = Q_ i m for cos G, <C O CUR-»* CUK— 
current and the net current CUR(SM) = CUR(IN/OUT) - CUR(OUT/IN). At a 
boundary of leakage region (LEAK *) the transmission and the current occur 
only in one direction. Usually it is TRA(IN/OUT) and CUR(IN/OUT). 
A) Standard Version: 
0™Μ-(ΣΣνΟ.<) + 
h g 
(10.43a) 
+ . Λ --< -i 'ΣΣΚΜ-^Σ 
η 
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where g = summation index for neutrons crossing the boundary Ζ in energy 
group i. 
Q (l,i) is calculated for W~ (1,1) and 
1KA"" Π ) 8 
0™Μ-\ΣΣ^Μ™Ά + 
♦Σ 
* g 
. ­ 1 ­ _ ­ < 
L W^MCOSØJ-S-S-Fi 
for c o s ô > 0 (10.44a) 
QoitD is calculated for W where coso < 0. CUR— h, g 
Finally 
CUR(SM) » CURÍIN/OUT) + CUR(0UT/IN). (10.45a) 
This quantity becomes negative under the condition that: 
CUR(IN/OUT) <|CUR(0UT/IN)| 
B) ITER * Version: 
Q'T ( i , 0 -
n g 
VOU)1(S I TFX (10.43b) 
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IT IT IT The o t h e r q u a n t i t i e s Q , Q_._ . , Q_.ro are c a l c u l a t e d i n the same 1KA— UUK"*· CUK— 
manner. 
C) ELP * Opt ion: 
Ο.ΉΣ *■ h tälV)+TH?M Kg g' 'h,g' 
+ 
n 
^(uKZO^I-s-sV;. 
(10.43c) 
The other quantities are calculated in the same manner. 
In a second bivariate table all the above mentioned quantities of transmis­
sion and current are for convenience also printed per unit energy eVj i.e. 
for example: 
Q 
TRA(IN/OUT) PER UNIT ENERGY = TRA+ (Ei+l " V 
(10.46) 
Unit: n/cm eV, 
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10.4.18 Energy Deposition 
By the use of the ENDE * option the energy deposited throughout the course 
of a history is kept as a bivariate function of region and energy loss 
range. At each elastic collision point, j, the quantity W. .(EJ ­ EJ.,) is 
computed. Here the subscripts j and j+l mean the neutron energy before and 
after the elastic collision respectively. 
The heading of the energy deposition table reads like this: RG, ENERGY GROUP, 
EN.­DEPOS., EN.­DEP./VO, ED/(írO*DE). 
The first column contains the geometrical region number. 
The next two columns contain the boundaries of the energy loss range. It 
should be stressed that the energy loss ranges used here have a different 
meaning than the energy bounds used elsewhere, e.g. flux, cross section re­
presentation etc. The numerical values of the energy deposition ranges are 
only for convenience identical with the energy group structure. 
The column containing the integrated energy deposition 
0ED= fdV JdEdE 'n(E',r)Pa(E'/)E (Ε ' ,Γ ' ­Ε,Γ) ( E'­E) 
^ £-1 (10.47) 
is followed by the energy deposition per unit volume (EN.­DEP./VO) and 
finally in the last column ED./(VO*DE) per unit volume and energy ^evl 
for the purpose of plotting. 
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The t o t a l energy d e p o s i t i o n i s p r i n t e d in the l a s t l i n e . I t i s the average 
energy l o s s per i n c i d e n t neut ron by e l a s t i c s c a t t e r i n g . 
The s u b d i v i s i o n i n t o energy depos i t i on ranges makes i t pos s ib l e to get quan­
t i t a t i v e r e s u l t s on the magnitude of the momentum t r a n s f e r dur ing the e l a s t i c 
s lowing down p r o c e s s . 
A) S tandard Ve r s ion : the energy depos i t i on i s c a l c u l a t e d by: 
Ο Ε Γ { Σ Σ Κ , ; ( Ε Γ Ε ^ ) + 
Ih ¿(ett '< * 3 h ¿(ett 
+ Σ ZWMÍEJ-EJ.S.S"1 
η ¿fel) ì ¿ ¿ i 
for E­ ¿(Ej-Lj^) < Ei+<1 
(10.48a) 
where E , E are the boundaries of the corresponding energy deposition i i+1 
range. 
B) ITER * Vers ion : 
. - p ( "Ι _Λ 
1 n M) J 
(10.48b) 
■or E ¿ ¿ ( E ; - E i + i ) ^ ^ ¿ - M . 
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C) ELP * Opt ion: 
Q»'­|ÇgK"(ErE,.h (10.48c) 
4­
n j(el) 
10.4 .19 F i s s ion sgectra 
Wn(i(ErE^)j­s­S 
The final print out is headed by a line with the label ENERGY GROUP, No.NTR., 
NO.COLLS., CHI­PRIM*DE, CHI­SEC*DE, CHI­PRIM and CHI­SEC. 
The column labeled with NO.NTR. gives the number of neutrons (primary and 
secondary together) which are born within the respective energy groups. 
Note that only those neutrons are counted which have an initial energy 
above Ε , . min 
The column labeled with NO.COLLS. is the total number of collisions en­
countered by a neutron history as a function of the energy group in which 
the neutrons were originally generated. It includes both primary and se­
condary neutrons. But since each collision is counted with the same fre­
quency, i.e. independent of the weight of the neutron, this quantity has 
no physical meaning. It is however directly related to the machine time 
required for the calculation. This machine time is roughly composed of 
three quantities (if we discard the use of the time scanning programme): 
Τ = Τ + Τ + Τ 
Ο BC CL 
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Τ means a constant contribution (independent of the number of histories) 
which comes from the INPUT programme, tape handling etc. Τ is the machine 
CL 
time required to run through the collision routine. This time is directly 
proportional to the total number of collisions, which is printed in the 
last line. Τ is proportional to the total number oí boundary crossings, HC 
which are made during the calculation. 
The column labeled with CHI-PRIM*DE gives the fraction of primary neutrons 
in the specified energy group and is defined as 
Eu. 
CHI-PRIM *DE = 
Ei 
X(E)dE -
(10.49) 
= τΣΗ,0(θ. n h 
Since also here neutrons with an initial energy below E are not counted, 
mm 
the sum of all CHI-PRIM*DE gives the primary source fraction above E . . 
J min 
The quantities in the column labeled with CHI-SEC*DE gives the fraction 
of secondary neutrons in the specified energy group. If there are more 
than one fissionable isotope in the assembly, the fission spectrum of the 
secondary neutrons is given by the weighted sum of the single spectra 
CHI-SEC*DE--!-£; VCU) N 
n 
(10.50) 
where W ({) is again the weight of a starting neutron with an energy in the 
energy group i. Here again neutrons with an initial energy below E are 
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excluded and the sum of all CHI­SEC*DE gives the secondary source fraction 
above Ε , . min 
The next two quantities labeled with CHI­PRIM and CHI­SEC are simply ob­
tained by dividing the previous quantities through the group width ^E . 
The physical meaning of these quantities is the average value of the 
primary (secondary) fission spectrum /KE) in the energy group (Ε , E..,). 
1 fEÌ(E)dE -CHI-PRIM = 
(EiM-Ei) Eu, 
CHI-PRIM »DE 
■ — ■ ■ — ■ ■ ■ — ■ ,—— ■ ■ „ „ « 
( E ' + H - E ; ) (10.51) 
The same holds for the spectrum of the secondary neutrons, 
„ m rr_„ CHI-SE1C*DE CHI-SEC = 
(Ek«­ E;) 
10.5 Error Messages 
During execution the programme performs a number of checks and test cal­
culations. They control the proper functioning of the tapes (redundancy 
etc.), the consistency of the data input and obvious calculâtional errors. 
The error message is composed of the label: TYPE OF ERROR LOCATION..., 
**** followed either by CALC. CONTIN. (calculation continued) or CALL EXIT. 
The text following the "type of error" is a 6 character BCD word. If its 
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last character is a 1 the calculation is terminated by calling the exit 
routine. The location is an octal integer refering to the storage location 
of the error stop in the listing of the RWS programme. 
The different error messages are listed in the following and explained. 
EMIN 1 The energy cut off E (EMIN * option) is lower than the lowest 
min 
boundary of the energy group structure of the cross section set 
in use. 
EOF-Si EOF on tape S (B5): Tape B5 contains an End of File instead of 
information. 
FFICT 1] Either an undetected error in the cross section set or machine 
FIWCT ll error when writing or reading tape B5. The best is first to run 
the same case again without making any change. 
GV-IM1 
GV-W01 
The number of group velocities (GRVE * option) does not coincide 
with the number of energy groups (Sec. 10.2 card 9). 
The group velocities (Sect. 10.2 card 9) are not in the right 
(decreasing) order. 
LSTMD1 There are more than 20 time groups for the lifetime and generation 
time distribution (Sect. 10.2 card 8) (Storage overflow of LTSP 
BES21). 
LS-W01 The boundaries for the lifetime and generation time spectrum are 
not in the right (decreasing) order (Sect. 10.2 card 8). 
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NOFRT 1 This message may appear, if the TIME * option is used and a re­
run is made (rerun see Sect. Lo.2). It signals that the time 
tape is not in the proper condition, i.e. either the tape is 
destroyed or a wrong tape is used. 
Q-WRW Attention! A specification is detected which is not contained 
in the list in the programme. This specification is omitted. 
RTT-S1 Redundancy on tape S(B5): Tape B5 contains a redundant portion, 
i.e. it is destroyed and has to be replaced. 
RTT-W Attention! Redundancy when writing the contents of the storage 
on tape B5. The tape is filled up to the redundant part with 
small records, which contain no information. Afterwards the in­
formation is correctly written. Since these small records can 
be detected, no information is lost, because the programme is 
able to space the tape in the proper position when reading tape 
B5 for a rerun. 
RT-WU Attention! Redundancy when writing time dependent information 
on tape B6. The same procedure applies as described at the RTT-W 
message. No information is lost. 
TMDTA1 Too many cross section data: the memory of the computer is too 
small for this case. 
TMEXL 1 Too many excited levels. 
TMTME 1 Too many transfere matrix elements. 
These two messages are both due to undetected error in the cross 
section set or machine errors when writing or reading tape B5. The 
best is first to run the same case again without making any change. 
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TM = -Tl Cross section error, the transfer matrix transfers into non-ex­
istent groups. 
WR.COl Wrong comment: the first 10 words of the second jobt title card 
do not coincide with the first job title card (see Sect. 10.2., 
description of the data cards). 
WR-GM The geometry programme combined with the RWS programme is not 
contained in the geometry list. This may only happen if one com­
bines a new geometry routine with the RWS programme. The name of 
this new geometry routine has to be listed near the storage loca­
tion QRCS in the RWS programme. 
WR.QC Attention! In the specification list a specification is detected 
which does not contain the final *. The specification is not omit­
ted. Exception: if the final character is a blank, this signals the 
end of the specification list. All further information is omitted. 
Also the geometry programme can produce error messages when testing the geo­
metry input data. The messages are described in the geometry part of the 
manual. 
Furthermore it may be possible that the programme stops at HTR instructions. 
Such steps are programmed to avoid that the square root of a negative number 
is taken. Either undetected errors in the input data may cause this, or, if 
it appears in the final print out, it is usually due to rounding errors when 
calculating the variance of several results. But it happens only if one makes 
a run with a very low history number. A stop during reading the input data 
at a location <C 30O0 (under the assumption, that the monitor loads at 144 ) 
results from an inproper format of the data cards. 
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10.6 The History Dump 
By using the DUMP * option or by setting the Sense Switch 4 down on the 
operators console one can get an internal history dump. Care must be taken, 
because the use of this possibility usually produces an enormous amount of 
output. It should therefore only be used when testing new features of the 
programme, because one single neutron may produce up to four or five pages 
of output. The appearing labels have the following meaning: 
STARTING POINT H = h. It signals that a primary neutron history is started 
where H indicates the current history number. If the ITER * option is used, 
it may be followed by: PRIMARY NEUTRON HISTORY. In this case the contri­
bution of the history is not counted in the final result. 
COLLISION PROCESS and BOUNDARY CROSSING are self explanatory. 
If after a collision process the neutron history continues (and is not ter­
minated by a Russian Roulette procedure for example), the type of process 
and the corresponding isotope number K are printed, i.e. 
ELAST. COLLISION, ISOTROPIC K = k 
ELAST. COLLISION, ANISOTROPIC K = k 
INELAST. COLLISION, EXCITED LEVEL K = k 
INELASTIC COLL., TRANSFER MATRIX K = k 
INELASTIC COLL., EVAPORATION MOD. K = k 
They are followed by detailed information on the different parameters of 
the neutron history. These consist of : RG = 1 the region number, and if 
the SORSEC geometry is used, three further quantities are of interest: 
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RGH , ARG and SRG (explained in the Geometry Manual), further I = i index 
of the energy group, E = E energy of the neutron after the collision, W = W 
neutron weight factor, PTX = D track length in cm from the previous event 
to the boundary crossing point; in the case of a collision it is zero, PTD 
= D track length in cm from the previous event to the collision point; 
in the case of a boundary crossing it is zero. Note, if the last event ter­
minated the history, the travel distance of the neutron appears in the 
starting parameter of the following neutron history. MFP = Λ is the mean 
free path or its remaining portion, if boundary crossings were encountered. 
SGT = / ,JQ is the total macroscopic cross section of the region under con­
sideration (after a boundary it is the cross section of the new region). 
C.T = coso , S.T. = sino and C.P. - cos φ , S.P. = sincb are the 
azimuth and horizontal cosine and sine values of the flight vector. Ζ = Ζ, 
Y = Y and Χ = X are the space coordinates of a boundary crossing or a col­
lision. Τ - t actual time an event occurs, TZ - t starting time of the his­
tory under consideration. 
If the collision takes place in a zone containing fissionable materials the 
following quantities regarding the production of fractional neutrons are 
printed: PSI(K) = LU(k) total fractional generated weight mod (1) or 
mod (k " X) if ITER * was specified of isotope K (=k), KEFF = k°° total 
(unnormalizedigenerated weight (including the fractional weight produced 
at this fission. T = t time of the weight production, TZ = t starting time 
of the history under consideration. 
If PSI(K) exceeds 1.0 (or k ) it is reduced by 1.0 (or k ) and a 
line with STORE SEC. NEUTRON appears, where K = k isotope number, Χ , Υ, Ζ 
are the coordinates of this event and WFSUM(K) = / ψ; IR) the total weight 
i 2 
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of fractional neutrons produced for isotope K. If the ITER * option is 
used WFSUM(K) is usually not an integer. 
BUFFER STOR. LOC. = (14) gives the position of the stored neutron para­
meters in the buffer storage. 
It runs cyclically from 1, 2, 3 ... to 401, 1, 2, etc. 
A history can be terminated by the following reasons : 
a) NEUTRON HISTORY FINISHED BY LOW ENERGY LI. 
b) NEUTRON HISTORY FINISHED BY RUSS. ROULETTE OR TOO SMALL WEIGHT. 
c) NEUTRON HISTORY FINISHED BY LEAKAGE, if the neutron enters a region 
Σ LE Wh^ sum of the total weight h 
lost by leakage including this last event. 
d) NEUTRON HISTORY FINISHED BY TOO LONG TIME, if the time parameter ex­
ceeds the value specified by the TMAX * option. TMX = t upper time 
limit to which a history is followed. 
After the termination of a history has been signaled by one of the above 
mentioned messages the following parameters are printed (they were al­
ready defined earlier) : RG, RGH, ARG, SRG, I, E, W, Z, Y, X, T, TZ. 
Now a new history starts. It can either be a primary neutron as described 
above, or a secondary neutron which is labeled: STARTING POINT FISSION 
NEUTRON with the parameters K = k isotope index, HS = η index number of 
the secondary neutron history. 
If specifications are used, the following additional quantities are dumped: 
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a) RURU * (Russian Roulette) option: 
NEW WEIGHT BY RUSSION ROULETTE, appears if after a Russian Roulette 
procedure the weight factor is increased (usually to unity). 
W: new weight factor 
OLD W: old weight factor 
b) AGE * option (for calculating the slowing down length) 
In addition to the parameters printed at each collision point the 
following quantities appear: 
ZAG = χ , YAG = y , XAG = ζ : they give the coordinates [ cm 1 of the col­
lision point relative to the origin of the neutron history under con­
sideration. These coordinates present always the true distance to the 
starting point, while the coordinates Χ, Υ, Ζ in infinite lattice geo­
metries refer to the projection of the position into the unit cell. 
c) ELP * option: the ""expected Leakage Probability" version of TIMOC: 
If this option is specified, first the flight vector is followed from 
the starting or a collision point to the outer boundary. Such a boundary 
crossing is labeled: BOUNDARY CROSSING, SPEC. ELP *. In the following 
parameter print out PTX is the distance from the last event to the boun­
dary crossing under consideration. If the outer or leakage boundary is 
reached BOUNDARY CROSSING IS TO LEAKAGE is signaled. The distance to 
this last boundary crossing is printed together with the parameters of 
the next collision process. 
WEIGHT BEFORE COLL. = W nj is printed before a collision process in the 
old ELP ELP * version. LEK = W^ . weight fraction lost by leakage at the last 
h,J 
collision process. LWS = total weight lost by leakage. 
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The following parameters have in the ELP * version in the case of a 
COLLISION PROCESS a different meaning: PTX distance from an event to 
the leakage boundary of the foregoing flight vector calculation, PTD 
distance from the last collision process to this one. MFP in the case of 
calculating the length of the flight vector from a collision process to 
the outer (leakage) boundary this quantity is set to 10 . In the case 
of a collision process it contains the distance in mean free paths from 
the previous collision point to the one under consideration. 
d) SMEC * option: TIMOC version to calculate small effects. If this option 
is specified PSI refers only to the multiplications caused by the so-
called unperturbed neutron histories. KEFF is however the normalized 
multiplication factor counting all neutrons generated in the system. 
10.7 The Re-Run Procedure 
During programme execution every 1000 histories (primary histories in the 
Standard Version, secondaries if ITER * is specified) a re-run (or con­
tinuation) dump is written on tape B5· it permits a continuation of the 
problem using all accumulated data. This feature allows an uncompleted 
problem (uncompleted because of machine malfunction or a running time 
limit) to be completed at a later time. It also allows a completed 
problem to be extended to a larger number of histories. 
For a continuation the dump tape is mounted on B5. There is no link 1 
(Nuclear Data Input) and only a very limited link 2 (Random Walk Sampling 
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Programme) input. The Re-Run Programme consists of a Loader and the 
following sequence of cards: 
CARD COLUMNS FORMAT SYMBOL 
1 1 - 6 16 NF 
NF: LOADER reads file NF which corresponds to 
link 2 (Random Walk Sampling Programme) from 
System Tape A5. 0^NF^9. NF must correspond to 
the file number of the original RWS programme 
of which the re-run is made. 
1 -60 10A6 TITLE 
TITLE: Title card to identify the job. It must 
agree with the Title Card of the original job of 
which the re-run is made. 
61-72 112 HMAX or FISMX (if ITER * is specified) 
HMAX (FISMX): Cumulative number of histories to 
be calculated (includes the number of histories 
already calculated in the original RWS computer 
run) . 
3 1 - 6 16 NF 
1^ NF — 9 : LOADER reads file NF which corresponds 
to link 1 or link 2 problem, 
NF = O or blank: the execution is terminated 
and all tapes in use are unload. 
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11. THE "TIME TAPE SCANNING" PROGRAM 
11.1 Optional Modes and Specifications 
As already mentioned in chapter 7, the purpose of the TIME TAPE SCANNING 
(TTS) program is to analyse the neutron histories with respect to the time 
variable. The corresponding data are read from tape B6 into the computer 
and are stored according to the input specifications. The TTS program may 
also be used to calculate angular dependent fluxes as well as some time-
independent quantities which cannot be obtained from the RWS program (col­
lision density etc.). The different possibilities of the TTS program are 
controlled by options. We list them in alphabetical order, together with a 
short description. 
CODN * The time dependent collision density and flux (calculated from 
the data of the collision density by dividing each neutron weight 
by the total macroscopic cross section) is printed. The collision 
events must be recorded on the Time Tape. 
COMM * Allows a change of instructions in the program during data input. 
Exactly the same procedure as in the RWS program. Card(s) 8 are 
required. 
DPAN * This option allows the calculation of the angular dependent trans­
mission, current or flux at the boundaries between different re­
gions. The range of cos Q , where fc/ is the angle between the direc­
tion of flight and the surface normal, is divided into 20 equal in­
tervals. This option may only be used in connection with the FLUX * 
or NONE * option. The boundary crossings must be recorded on the 
Time Tape. 
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DUMP * Gives a dump of all events which are recorded on the Time Tape. 
The same is achieved by putting Sense Switch 4 down. 
ENGB * Gives the opportunity to insert new energy boundaries, otherwise 
those defined together with the cross sections are used. Requires 
card 4. 
FLUX * Calculates the time dependent transmission and the flux (neutron 
weight divided by cos (y , where t) is the angle between the direc­
tion of flight and the surface normal) in both directions on the 
boundaries between different regions. The boundary crossings must 
be recorded on the Time Tape. 
FXTM * Calculates at fixed time points the number of neutrons present in 
each region. Multiplication of each neutron weight with the velo­
city of the neutron gives the flux. Boundary crossings and colli­
sions must be recorded on the Time Tape. 
GRVE * The opportunity to insert new group velocities in connection with 
the ENGB * option. Only useful if the option FXTM * is used. Re­
quires card 5. 
NOCM * The angular dependence of the information contained on the Time 
Tape is suppressed. 
NONE * Signifies that no other specification is used. Time-dependent trans­
mission and current (neutron weight multiplied by cos w ) on the 
boundaries between different regions are printed. The boundary cros­
sings must be recorded on the Time Tape. This specification was in­
troduced because the TTS program expects at least one specification. 
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REGN * The output is only produced for those regions, which are explicitly 
listed in the input. Card 6 is required. 
TFLX * Calculates on the basis of the transmission at each boundary cros­
sing the time and energy integrated flux as well as the first time 
moment of these quantities. The boundary crossings must be recorded 
on the Time Tape. 
UNEN * Calculates the energy spectrum of the transmission, current and 
flux at the boundaries. To be used in connection with the option 
FLUX *. 
11.2. Hierarchy of the Options 
Since several options interfere with each other, a certain hierarchy of 
priority has been established. In the following, the main options are listed 
in this hierarchical order together with those options which are automatic­
ally suppressed. Note that the input data, which are required by an ignored 
option, must nevertheless be present, because the hierarchy is checked after 
the whole input is made. 
1.) NONE * All other specifications are ignored. 
2.) FXTM * The specifications CODN *, FLUX * and TFLX * are ignored. 
3.) CODN * The specifications FLUX * and TFLX * are ignored. 
4.) FLUX * The specification TFLX * is ignored. 
5.) TFLX * 
6.) NOCM * The specification DPAN * is ignored. 
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11.3 Tnput Data and Formats 
CARD COLUMNS 
1 - 6 
FORMAT 
16 
SYMBOL 
NF 
NF: LOADER reads file NF which corresponds to 
Link 3 (= TTS = TIMS TAPE SCANNING program) 
from the Systems Tape A5, 0^NF^9. If NF = O, 
the executions is terminated and all tapes are 
unloaded. 
1 -60 10A6 TITLE 
TITLE: Title card to identify the job. It must 
agree with card 2 of the NDP and card 2 of the 
RWS program. 
Column 72 must contain the logical file number 
of the data, which are stored on the Time Tape 
B6. This number appears in the print out of the 
title card of the corresponding RWS program. 
See chapter 11.4. 
All the following cards are read by the WPK06 input routine (for description 
see Ref. (2 7)) and must therefore be written in the corresponding formats. 
8 -10 BCD Columns 8-10 contain the symbol BCD. 
12 i N 
N: Number of 6-character words following in 
columns 13 - 72. 
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CARD COLUMN CONTENTS SYMBOL 
13-72 n(a6) All specifications and otpions which are used 
in this run (see chapter 11.1). 
3a 8-10 
12-14 
8-10 
12 cont. 
TRA 
4,4 
DEC 
f 
f 
Only if ENGB * is specified. 
N 
N: Number of energy groups. 0<^Ν«έ50. 
E(N) Boundaries of energy intervals. 
E(N-l) They have to be in decreasing order 
of magnitude 
E(0) 
4a 
5a 
8-10 
12-14 
8-10 
12 cont 
TRA 
4 , 4 
DEC 
i 
8-10 
12-14 
f 
f 
TRA 
4,4 
Only if GRVE *'is specified. 
N Number of group velooity parameters. 
Must be equal to the number of energy 
groups. 
T(N) Average neutron velocities. 
T(N-l) They have to be in decreasing order 
of magnitude. 
T(l) 
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CARD 
6a 
7a 
8 
COLUMN 
8-10 
12 cont 
8-10 
CONTENTS 
DEC 
8-10 
12-14 
8-10 
12 cont 
TRA 
4,4 
DEC 
i 
f 
f 
8-10 
12-14 
f 
f 
TRA 
4,4 
OCT 
SYMBOL 
R(D 
R(2) 
Only if REGN * is specified. 
Different region numbers in arbitrary 
order. Note that only for those regions, 
which are listed here, the output is 
printed. 
N 
N: Number of intervals of the time distri­
bution. For the FXTM * option, number of 
time points. 0<N^50. 
T(N) Boundaries of the time intervals. 
T(N-l) For the FXTM * option, fixed time 
. points (T(0) must be omitted). 
T(l) The quantities have to be in de-
T(0) creasing order of magnitude. 
Only if COMM * is specified. There must be 
as many pairs of cards 8 and 8a (8b) as 
there are instructions to be changed. 
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CARD COLUMNS CONTENTS SYMBOL 
12 cont 
I is the octal address of the instruction to be 
replaced. It is the address in the listing and 
is relocated in the computer. 
J: Octal representation of the 36 bit string re­
placing the contents of address I in the original 
version of TIMOC. If the new instruction contains 
an address, the absolute machine address has to 
be used. Since in Fortran II, Version 2 the TTA 
program is loaded at location 3000 (octal), one 
has to add this number to all addresses. 
8a 
8b 
8-10 
12-14 
8-10 
12-14 
TRA 
4 , 4 
TRA 
3 , 4 
If the foregoing card is not the last change, 
else card 8b. 
1- 6 16 NF 
NF: Loader reads file NF which corresponds to 
a Link 1, 2 or 3. O^NF^.9. If NF = O or blank, 
the execution is terminated and all tapes are 
unloaded. 
170 
11.4 Some operational features 
A Time Tape can contain the data of several RWS runs. Besides the title card, 
which may be equal for these runs, the respective data are distinguished by a 
logical file number, which is set by the RWS routine and must be included in 
column 72 of the title card of the TTS program (card 2 of the input data). 
Under the control of the LOADER routine, the first RWS run (Link 2) rewinds 
the Time Tape B6 and assigns the logical file number 1 to the data to be 
written on the Time Tape. At the end of each RWS and TTS run (Link 3), the 
Time Tape remains in its position, so that a following RWS run is able to 
put new data in the correct position and to increase the logical file number 
by one. Thus, for example, if the Time Tape contains the data of 4 RWS runs, 
a new data file may be included by spacing the Time Tape in the correct posi­
tion using a TTS run of logical file number 4. The maximum number of logical 
files on the Time Tape is 9. 
If the Time Tape is full, it is possible to continue the run with another 
tape. The message END OF TAPE, STOP 7777 PLEASE NEW TAPE ON B6 AND DEPRESS 
START KEY appears on and off line. In the TTS program, a similar message 
with STOP 66666 PUT OTHER TAPE ... is printed on and off line if an 
end-of-tape is sensed during the scanning. It is not recommended to use this 
feature because experience has shown that it is very easy to mix up the 
different tapes, with the result that no valuable output is produced. It 
is better to divide the job into several smaller ones, where the data of 
one 
each fit onVTime Tape and to combine the results by hand. 
It is simple to estimate that proportion of a Time Tape, which is occupied 
by data. At the end of each RWS run - if the option TIME * was used - the 
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label TOTAL NUMBER OF RECORDS ON TIME TAPE = (16) appears. The length of 
a full tape is of the order of 4000 or more records. Such a record consists 
of the data of 100 events (boundary crossings, collisions or starting neu­
trons), and each event occupies 5 words (time, energy, weight and several 
other parameters which are fed in the remaining 2 words). The length of 
such a record is thus 500 words. 
11.5 The_Initial_0utgut 
The first line of each page of the output of the TTS program contains the 
name of the code, TIMOC, and the job title as specified on the title card 
(see card 2). Further, the following is printed. 
1.) All specifications (see ch. 11.1) 
2.) Repetition of the geometry data. This print out is exactly the same 
as in the RWS program. 
3.) Only if ENGB * is specified. The label ENERGY BOUNDARIES, IM = , followed 
by the number of energy groups and the corresponding boundaries, appears 
as specified in the input data. 
4.) Only if GRVE * is specified. The label GROUP VELOCITIES, IM = , followed 
by the number of energy groups and the corresponding group velocities, 
is printed as specified in the input data. 
5.) The next print out is TIME BOUNDARIES, TM = , followed by the number of 
time intervals (or time points, if the option FXTM * is used) and the 
corresponding interval boundaries (time points), is printed as speci­
fied in the input data. 
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6.) Only if DUMP * is specified or the sense switch 4 on the operator's con­
sole of the computer is "down". Care must be taken, because the use of 
this option produces normally an enormous amount of output, since the 
whole contents of tape B6 is printed. For each record on the tape B6 
(which contains 100 events, each event being described by 5 words), the 
following title appears: TIME ENERGY WEIGHT PR0J(W/SGT) SIGN CM(ANG) 
CM(SRG) 4 2 1 RG TM IM INDEX N. The first three columns contain ob­
viously the time, the energy and the weight of the neutron at the 
event under consideration. As event, we consider the following possi­
bilities: (i) boundary crossing, (ii) collision and (iii) start of a 
history. In the case of a collision, the weight of the neutron is that 
before the collision. The column PR0J(W/SGT) contains in the case of a 
boundary crossing cos Ό , f being the angle between the direction of 
flight of the neutron and the surface normal. In the case of a collision, 
the quantity "weight over total macroscopic cross section" is printed. 
This may (optionally) be used for the determination of the collision 
density. The SIGN column contains either 0 or -O. 0 means that the pre­
sent event is a boundary crossing, while -0 means collision. The con­
tents of the column CM(ANG) are only different from zero if there is a 
boundary crossing, if in the RWS programme (link 2) the DPAN * option 
was taken and if in the TTS routine none of the options FXTM *, NOCM * 
or CODN * are used. The integer appearing there corresponds to the angle 
interval of the direction of flight of the crossing neutron. It is cal­
culated by taking the integral part of 10 times the contents of the column 
PR0J(W/SGT). The contents of the columns CM(SRG) is only different from 
zero if in the corresponding RWS program the SRRG * option was used in 
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connection with the SORSEC geometry routine. In the case of a collision 
this column contains the sector number SRG (defined in the description 
of the SORSEC geometry routine) where the collision takes place. In the 
case of a boundary crossing through the window of the SORSEC geometry, 
it contains for outgoing neutrons the previous sector number; for in­
coming neutrons the new one. In the case of other boundary crossings, 
the previous sector number is printed. Sector numbers ^  10 are put to 
zero for convenience. The next three quantities are labelled with 4, 2 
and 1. This means sybolically the position in the word where they are 
incorporated during the transmission of the data, namely in the tag bits 4, 
2 and 1. These quantities consist therefore of only O and 1 and are usual­
ly zero. If under tag 4 a 1 appears, then all quantities in this line are 
only of importance in connection with the FXTM * option. This can happen 
only if there is a boundary crossing which is not counted under the 
TRAN * option of the RWS program, for example, a crossing through sur­
faces other than the window in the SORSEC geometry. A 1 under the tag 2 
column signifies that this line contains information about the angular 
distribution of a neutron when crossing through a surface and is there­
fore only of interest in connection with the DPAN * option. The tag 1 
column contains a 1 if the data in this line refer to the start of a new 
history or to a collision in the ELP * option of the RWS program. This 
is only of interest when the FXTM option is used. The RG column contains 
in the case of a collision the region number where the collision takes 
place. In the case of a boundary crossing it contains either the PRG 
(previous region) or the RG (region) number, depending on the sign of 
PROJ (PR0J>0 -»PRG, PROJ^O-^RG). If the FXTM * option is used, this 
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column always contains the PRG number. The columns labelled with TM and 
IM contain the time and energy indices of the present event. They are 
determined from the corresponding boundaries of the time and energy in­
tervals. Notethat the indices increase with increasing time and energy. 
The column with INDEX contains a number specifying the position of the 
data in the matrix, which is set up for the final output. This number is 
determined from M*((((TM-1)*(LMA+1)+LM)*(CMA+1)+CM)*IMA+IM) where TM is 
the time index corresponding to the actual time, LMA+1 is the maximum 
number of the geometrical regions in this sample and LM is the actual 
region index (which is labelled with RG), CMA+1 is the maximum number 
of angular intervals or sector regions and CM is the corresponding ac­
tual index, IMA is the total number of energy groups and IM is the ac­
tual energy index, M=l for the FXTM * option, M=2 for the CODN * or the 
TFLX * option and M=4 for the other options. The last column with the 
heading N signifies the actual number of contributions of the present 
data to the data matrix and contains the integers O or 1 except for the 
FXTM * option. There it may be different from 1 since between several 
events there may ly none or several time points of interest. The number 
in the columns labelled with TM and INDEX are in this case those corres­
ponding to the last contribution. 
7.) NUMB. OF PRIM. HISTORIES = 17, NORMALIZATION = F11.3, GEN.SEC. = 17(17), 
CALC.SEC. = 17 (17). These quantities mean (i) the number of primary 
neutrons handled, (ii) the total weight, which is used for the normali­
zation of all quantities to one source neutron (or, if in the RWS pro­
gram the ITER * option was used, to one secondary neutron), (iii) the 
number of generated secondary neutrons and (iv) the number of secondary 
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neutrons whose histories were actually followed up to the moment of 
truncation. For more extensive explanations, see ch. 10.4.2 for (i), 
(iii) and (iv) and ch. 10.4.1 for (ii). 
8.) 110 CORRECT RECORDS, 18 WRONG RECORDS. This label signifies the length 
of the data on tape B6. One record contains the information of 100 events, 
each event being described by the contents of 5 words. Thus one record 
has the length of 500 words. On a normal tape there is place for about 
4000 to 5000 words of this type. The number of wrong records refers to 
a redundant part on the tape. If in tape-rwriting a redundancy is encoun­
tered, this part is overwritten by short records of one word length until 
the wrong part is over. In reading, these short records are counted in 
the above label. 
11.6 Error Messages 
The program performs a number of checks and tests during the data input and the 
calculations. They control proper data input and tape handling (data transmis­
sion) . 
The error message is composed of the label TYPE OF ERROR (A6), LOCATION (06) 
**** followed either by CALC.CONTIN. (calculation continued) or CALL EXIT. 
The A6-word signalizes the kind of error. The meaning of this 6-character 
string is given in the list below. The 06-location contains an octal integer 
referlng to the storage location of the error stop in the listing of the TTA 
program. 
The different 6-character strings are listed in alphabetical order. 
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ÏLOST The information contained in a 500-word record is lost because of 
a redundancy on tape B6. 
3L0ST1 The information contained in three 500-word records is lost because 
of redundancies on tape B6. The calculation is terminated. 
EN.DTI The numbers given as new boundaries of the energy groups are not 
in the right order. See description of input card 4. 
E0F-N1 Instead of input data, an end-of-file is sensed on the monitor in­
put tape A2. 
GDTRT1 A redundancy was encountered in reading the geometrical and ener­
getical specifications from tape B6. 
GV-DT The input data for the group velocities are not in the right order. 
See description of input card 5. Those group velocities, which are 
transmitted from the TWS program are taken for the present calcula­
tion . 
NBHEF Instead of the number of histories, an end-of-file is sensed on tape 
B6. The number of histories is put to unity for this run and the 
calculation is continued. 
NBHST Instead of the number of histories, a redundancy is sensed on tape 
B6. The number of histories is put to unity for this run and the 
calculation is continued. 
NO PLC The data matrix for the output is too large to fit in the computer. 
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NODATl Instead of the geometrical and energetical specifications, an end-
of-file is sensed on tape B6. 
N0FIL1 The program finds no end-of-file (which signalizes the termination 
of the data) on tape B6. 
N0FRT1 The program cannot find the desired data on tape B6. Probably a 
wrong tape was put on the tape unit. 
RTT-N1 A redundancy is encountered on the monitor input tape A2. 
TI.DTI The input data for the time boundaries (points) are not in the 
right order. See description of input card 7. 
11.7 The Final Output of Sample Values 
11.7.1 General Remarks 
The TTS program can produce five groups of time dependent output quantities, 
which are obtained by the use of certain options. 
In the following, for a time dependent quantity, as much as possible re­
ference is made to the description of the corresponding stationary quantity. 
For example, the sampling formula will be omitted here if it differs from 
the corresponding stationary one only by the appearance of the time variable 
and a division over the specified time interval At = t - t . 
g g+1 g 
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In four of these five groups, the output is obtained by collecting the 
data in the preassigned time intervals. In these cases, the label TIME 
INTERVAL = (E13.5) - (E13.5) together with the boundaries is printed. 
The fifth group specifies data at fixed given, time points. Then, the 
label TIME POINT = (E13.5) appears on the output. 
The normalization is in all cases made by the quantity NORMALIZATION, 
which is described in chap. 11.5. For more detailed information about 
this quantity, which will here be denoted by S, see chap. 10.4.1. There­
fore, in the following, no distinction will be made between the Standard 
Version, the ITER * Version and the ELP * Option of the corresponding 
RWS program. Also the summation over the histories will be described only 
by a single sum. Its meaning is, according to chap. 10.4.1, the sum over 
all secondaries in the ITER * Version and over all primaries and secon­
daries in the Standard Version of the corresponding RWS program. 
11.7.2 Transmission and Current 
These quantities are exactly the same as those described in chap. 10.4.17 
except for the explicit appearance of the time variable. In the correspon­
ding RWS program, the TRAN * option must be used and the boundary crossings 
must be recorded on the Time Tape B6 . Here, the transmission and the current 
are obtained at the boundaries between two regions using the NONE * option. 
Note, that this option must be omitted if there is any other option! 
These quantities are labelled by DISTANCE CI ENERGY GROUP TRA(IN/OUT) 
TRA(0UT/IN) TRA(SM) CUR(IN/OUT) CUR(0UT/IN) CUR(SM). Only those quantities 
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which differ from those in chap. 10.4.17 are described here. The column 
labelled with DISTANCE contains in the case of the GSPHER geometry the 
actual radius of the sphere which is crossed by the neutrons. In the 
case of the SLBCYL geometry, it contains the radius of the circle in 
the cylindrical case and the distance from the origin in the slab case. 
In the case of the SORSEC geometry, it contains (as floating point number) 
the region number in the window where the crossing takes place. The column 
labelled with CI is used to obtain angular dependent output. It is ne­
cessary to specify in both the RWS and the TTS program the DPAN * option. 
For convenience, we give here the explicit sampling formula for 
QCUR+ Cl'i'g) L = CUR< IN/0UT>] in t h e time interval J"t , t .1 : 
h J J 
The other quantities are similarly obtained, see chap. 10.4.17. 
If the UNEN * option is used, a second table with the label PER UNIT 
ENERGY is printed, where the above quantities are divided over the res­
pective energy interval Λ Ε . = E + , ~ E i· Thus, for example, 
TRA(IN/OUT) (PER UNIT ENERGY) = 
QTRA+ (1'i'g) 
ΔΕ± (11.2) 
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11.7.3 Transmission_and Flux 
Using the FLUX * option, one gets the flux instead of the current. It is 
obtained by sampling the quantity "weight over cosC^ " at each boundary 
crossing. The following label appears: DISTANCE CI ENERGY GROUP TRA(IN/0UT) 
TRA(OUT/IN) TRA(SM) FLX(IN/OUT) FLX(0UT/IN) FLX(SM). 
The first six labels contain the same quantities as in the previous chap­
ter. The quantity Q p L X + (l,i|B) = FLX(IN/OUT) is sampled from 
Q„JU9)=bl%4(S.F,At,f. (11.3) 
The q u a n t i t y under the l a b e l FLX(OUT/lN) i s obtained by r ep lac ing in (11 .3) 
W* ( 1 , 1 , g ) by W" ( 1 , 1 , g ) and h , j h , j 
FLX(SM) = FLX(IN/OUT) + |FLX(0UT/IN)| . 
For the use of the UNEN * option, we refer to the previous chapter. 
11.7.4 Time Integrated Flux 
The Time Integrated Flux can be obtained from the boundary crossings using 
the TFLX * option. It allows one to sample 
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QTFL(U,g)=ltcj)(t,E)ctt (11.4) 
and 
tq+1 
QFL(l.i.g)- î<j>(t,E)dt (11.5) 
which are the first moment and the mean of the flux with respect to the 
time variable. 
In the printout, the label DISTANCE CI ENERGY GROUP F*T*DT*DE F*T*DT 
F*DT*DE F*DT F*T*DT/F*DT appears. The first three labels are the 
same as in chap. 11.7.2. The column labelled with F*T*DT contains just 
(11.4) and is sampled from 
QTFL(U,g)= tyWyiUg) 
i cos ft 
•(S­F^AEi)"1 (11 .6 ) 
where Δ Ε = E ­ E . The quantity labelled with F*T*DT*DE is the 
energy integral of (11.6), Q___(l,i,g)· Δ Ε . Similarly, the column label­
led with F±DT contains (11.5) and is sampled from 
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QpJUg)-
L h ί 
Wht¿(U,< 
coso •(S­F,· ΔΕ,) ' . (11.7) 
The column with F*DT*DE contains Q (1, i,g) · Δ Ε. and the last column, 
FL i 
which has the label F*T*DT/F*DT, contains the ratio Q__T(1,i,g)Q_T(1,1,g), 
TFL / FL 
This quantity is very sensitive to whether or not the neutron population 
has reached the equilibrium state. If the flux decays exponentially, 
-Ott φ(1,Ε)=β­Λ γ E) 
an d we t ake in f11.4) and (11 .5 ) t = t and t . , = CO , then V g o g+1 
F*T*DT/F*DT = 
oi + t 
is independent of the energy. 
11.7.5 Collision_Density_ and Flux 
If the CODN * option is used, we obtain the collision density and the 
flux based on this quantity. The collisions must be recorded on the Time 
Tape B6. 
The following label is printed: RG CI ENERGY GROUP NEUTRONS 
COLLDENxDE COLLDEN CFLUX(E)*DE CFLUX(E) CFLUX(E)*E. The column 
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labelled with RG contains the region number, which is defined in the cor­
responding geometry routine. It is equal to the region number of the ab­
sorption and flux calculations in the corresponding RWS program. The 
column with CI contains the sector region number if in the corresponding 
RWS program the SORSEC geometry and the SRRG * option is used. Otherwise, 
this column contains 0. For a detailed description of this number, see 
chap. 11.5. The column with NEUTRONS contains the number (Q (l,i,g) of 
VsJ-l 
collisions in the region RG = X 
QJUg)-
uh 
Wh;(Ug) S-ΔΕ 
(11.8) 
i 
-1 The column labelled with COLLDEN*DE contains Q (1,1,g) · V% , where νχ 
is the volume of the region, and the column with COLLDEN contains the col­
lision density, that is QCL(l,i,g) · (Υ^ΔΕ i"1, with Δ Ε ± = E 1 + 1 - E ^ 
3 The collision density is measured as collisions per cm sec and eV. The 
quantity labelled with CFLUX(E) is the flux calculated from the collision 
density and is sampled from 
(UU,g)= 
i 
Wh,j(Ug) 
(U)J 
•(S-V-Atg-AEt)' (11.9) 
The quantity with the label CFLUX(E)*DE equals QCFL(1,i,g)·Δ Ei and that 
with CFLUX(E)*E is Q(l,i,g)'<B1+1 + E±)/2. 
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11.7.6 Flux_at Fixed Time Points 
The last output group consists of quantities which are obtained at fixed 
time points rather than in a time interval. These quantities are calcu­
lated if the FXTM * option is used. The collisions, boundary crossings 
and the starts of new neutron histories must all be recorded on the Time 
Tape B6. 
The following line is printed: RG CI ENERGY GROUP NEUTRONS NEU-
TRONS/(V*DE) FLUX*DE FLUX FLUX*E . The first three labels are ex­
plained in the previous section. The column with NEUTRONS contains the 
number of neutrons which are present at the time point of interest in the 
region RG = 1 . That is, 
QNEu(U,g)=[XXWh/|(l,i,g) •S (11.10) 
The quantity with NEUTRONS/V is the number of neutrons per cm , Q (1,1,g) 
•V." , and that with the label NEUTRONS/(V*DE) contains Q._,„(l, i,g) «(V, · Δ E. ) ι* NEU i 
and gives the distribution of the neutrons over the energy variable. The col­
umn labelled with FLUX contains the flux calculated on this basis: 
QFL(Ug)= yWh:(l,i,gK(o-(S-Vx-AEX (11.11) 
h i 
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Here ly(i) is the velocity of the neutrons: 
TK!) cm/sec I = 1.3843*10 WE [evi . 
The column with FLUXxDE contains Q (1,1,g)· Δ E and the column labelled 
FL 1 
with FLUX*E contains Q„T(1,i,g)"(E^ + E )/2. 
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­ 1 PL­239 PLLTC WEIGHT ELASTI PL­239 c PL­239 PL­239 PL­239 PL­239 PL­239 PL­239 PL­23 9 PL­239 PL­239 PL­239 PL­239 PL­239 PL­239 PL­239 PL­239 PL­239 PL­239 PL­239 PL­239 PL­239 PL­239 PL­239 PL­239 PL­239 PL­239 PL­239 PL­239 PL­239 PL­239 PL­239 PL­239 PL­239 PL­239 PL­239 
C1292E 00 C O 
NIUM 239 ING PCIN C DATA G C2270E C . 2 K 0 E C.2' COE C.2150E C4650E C.KCOE C.2150E C.465QE C.KCOE C.2150E C.4650E C.KCOE C.2150E C.4650E C.KCOE C.2150E C4650E C.KCOE C.2 
t ENDF/B, , ACCURACY IVEN AS LEGE 
I150C ¿50E C.4 C.KCOE C.2CC0E C.4CC0E C.8CC0E C.14C0E C.25C0E C4ÇC0E C65C0E C21C0E C.215CE C.4650E C.KCOE C.2150E C.4cSQE C.KCOE C2150E 
02 - 0 1 ­ o l 00 00 O' O' O' 02 02 02 03 03 03 04 04 04 05 05 05 06 06 06 06 07 07 07 07 
1 C 1 0 5 0 E C.2957E C.1C51E C.4C80E C3442E C.2C35E C.3221 E C 6 7 6 3 E C.5510E 0.5360E G.4C65E C1763E C.2451E 0.15375 C1159E C 9 4 7 0 E C 7 4 7 0 E C.4666E C.2377E 0.2C63E C.16C9E C 9 6 3 2 E -C 4 3 1 5 E -C 2 7 3 6 E -0.0 C O C O o o c c C c 
C c 
0CT0 0.10 
NDRE 
08 ι 03 O 04 O 02 O 01 O O 02 02 02 G2 G2 
BER,1966. OE­03, N­2N SCATTERING ACCED TO INELASTIC ­COEFFICIENTS, INELASTIC CATA AS MATRIX 
1 8 : 1 0, 0, c, 0. c, 02 0. 0 c c 00 00 00 
co 
00 GO Gî 
Ol C2 
0 0 0 0 0 0 0 0 
0, G, G, O, G G C O 0. 
Ci G. O, O 
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CCOE 04 -02 .215 -02 .4650E 
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The input data consist of a library which contains a 26 group 
cross section set of Pu-239 and C12. The C12 data are used in 
the third sample case (See input 8.1). 
4th link; requires the FORTRAN 2, Version 2 monitor and consists of the 
binary deck LOADER. It uses the "System Tape No. l" on A5 and 
a Re-Run Tape on B5. 
The input data consist of the specification of monitors and re­
gions (Input 9.1) used by the NDP program: 
1 
* JEZEBEL, 26 GROUPS - SAMPLE PROBLEM NO. 1 
3 
1 1 2 2 1 0 
PU-239 
1 1 
PU-239 0 .0 
2 1 
PU-239 0.038952 
0 2 
1 2 
1 
10 1.0E03 10.0E06 0.9650E06 2.2900E-6 4.527 
and the specifications (options), history number, geometry data 
etc. (Input lO.l) used by the RWS program: 
2 
* JEZEBEL, 26 GROUPS - SAMPLE PROBLEM NO. 1 
BCD 6LEAK *TRAN *MTIM *ITER *FLUX *ENDE * 
TRA 4,4 
DEC 20000,20000 
TRA 4,4 
DEC 20,,1,0,6.284,20.,20.,20. 
TRA 4,4 
DEC 8,0.3981E-5,1.0E-6,0.3981E-6,1.0E-7,0.3981E-7,1.0E-8 
DEC 0.3981E-1.0E-9 
TRA 3,4 
The output reads: 
CODE » 71MCC ( H o R I E F ) * « * NUCLEAR DATA PREPARATION (NoDoPoJ PROGRAH 
* JEZEBEL, 26 6RCUPS ­ SAMPLE PROBLEM NOo 1 
1SC7CPE NO» 1 = PU­239 „ ï 
MIXT« NOo 1 c 
PU­239­OENSo« Oo , 
MIXT« NOo 2 * 
Ρυ­239­DEflSo* 0o38952E­01, w 
| 
RG 0 HIXCT NOo 2 » 
R6 1 M1XCT NOo 2 ^ 
& 
FISSo­SPECTo PARAMETERS FOR PRIMoNEUTRONS .\ i M 
FlSSoSPECo«TYPE NO 10 FROM E= Oo 1000E 04 70 Oo 100OE 08(EV), 4) a¡ ® 
INPUT DATA ARE WRITTEN ON TAPE 10 
M 
/­^  
Ζ 
D 
►O 
ι 
Ό 
>1 
Ο 
Ν 
PARAMo= 0ο9650Ε 0 6 , 0ο2290Ε-05, 0»4527Ε 01 § 
<) 
TIMCC IHoRIEF, H„KSCHWENDT, EURATOM 1SPRA) *** * JEZEBEL, 26 GROUPS - SAMPLE PROBLEM NOo 1 
SPECIFICATIONS LEAK *TRAN *MTIM «ITER *FLUX «ENDE «-
THE MACHINE IS FREE FROM LOCo 18117 TO LOCo 32537 
SPHERE GEOMETRY ·*« DATA 
NAME SORG LMAX 20 0 1 
LATTICE CONSTANTS Al = 0o2000000E 02, A2= Oo2000000E 02, A3= Oo2000000E 02 f 
RADII c 
0. 0o6284000E 01 
SOURCE RE610N* 1 * 
co » 
3 
•O 
t-· 
a 
•v 
& 
t-' a 
3 
2 (0 
ο σι 
50 * en ι •o 
►5 
O (TC 
> 1 
Tlf'CC 
NLNEo 
TCT.U 
F !ï C Β Λ E 
CF 
L2AKA 
LE jP 
EF, h 
ΙΝβ hISTCPI 
KSCrUENCTi EURATOM ISPRA) *** * JEZEBEL, 26 GRCLPS ­ SAMPLE PROBLEM NCo 1 
203, CE'k SECOND,* 2^93 ( 2C193), CALC SECOND.= 2ίϊ· ( 230υυ) 
CE = J367234E CC, UNCCLLI^L2AKAGE= Cai0590c­Cü RCR = .oìi4;2E­.2 ,o2l977E­'i2 
SLCkIN 
ENIN = 
NL'CLoN 
KIEFF­
NLCLoN 
NEM F 
N2¿N C FRCEAE 
G C3UN CEN 
LNBaK= 1 
COLL.) = 
L M tí J Κ = 1 
R C C Ü C T I O N 
V. Λ 
1 aC1 
'ί o -
Is -
1 3 ■: 
. o ­
'.O ­
CT.T = 
RCR = 
INT!: 
­ i 
■C9 ­, 
9 2ÍE­.Í ­í 
EST^L 
LE ER 
Τ I í' c 
9 3 12­
'Jj.E­L 
9 dl·:­. 
7 ­I 
7 ­, 
i ­rf 
¿ ­ 1 
r ­ = 
1 F 
PRC 
_­99 
MEA 
TIME 
■ J » » J J ¿ 
UVAL 
' : 9 Ê 
39' è 
;υ , P R 0 3 ­ E R R C R = 
CRM Ι AGE» Je ( ACE (Χ) 
CUCTICN/GCURCe = 35992284Ξ 0­
239 :.aÙJ4.6, K(GFFo­FLUX) = 
N P R O C TINE = J:. 2 2 O ] 7 E ­ : E 
FOR SECÛNCARY NEUTRONS = ·'., 
1 ο ΰ ; 2 9 4 
AGE(Y)= 
¡β-5ί0275 
Οβ AGE(2)= 
K(EFFECTIVE) = ^ 
RG= 1 
LAST L 
93 ¡ Ε ­
Ν L CL 
SEC Ρ 
oNG K 
ANDCN 
,.39 E 
. 39 5 
ANC 
= 1 
NUME 
¿ :32Ε- . ^ ε 
5 Î 5 2 E - 1 C 
- E - . 9 
, E--JÜ 
ι : . ; 7 
V : ­ ; 6 
„..-.'.ÍÓ 
; : - . 5 
E, ."£ Α Μ ABSC¿ Τ Ι . = 
: j 2 3 5 2 1 E ­ l . : 
2 8 6 | 7 Ε - : ; 8 l ! = 2 3 5 2 Ì E - U 
3 Π 2 Ε Ε - 3 8 ι ΝΕΑΝ LEAKAGE *Τ Λ - 0 ; 3 0 8 U O E - 0 8 , 
2 6 2 Ó 7 E ­ 1 , ^ 2 4 5 . , ' 2 E - U 
P R C , Τ Ι . D I . » C T C S T . T I a C I ^ D T P R C C T I . C I > 
J¿44". 4 E - y'j 
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12.2 Calculation of Differential Effects in an Assembly of which a Small 
Piece had been removed 
In this example a nearly critical assembly consisting of drawers of fuel 
elements is analysed. As shown in Fig. 6 the removal worth of a fuel drawer 
in the perturbed assembly had been studied. For this purpose so-called 
"small effect calculations" (Sect. 6.3) had to be performed for the unper­
turbed and the perturbed assembly. 
1st link: idential to the previous example; uses "System Tape No. 2". 
2nd link; requires the FORTRAN 2, Version 2 monitor and consists of the 
binary decks, SPACE, BEGIN, WPK, RWS, C0RTIMG1, 9EX203, 9TSH, 
9STH, 9RER, 9WER, 9I0H, 9I0U, 9EXEM, 9EXIT, 9TES, 9S0RT, GEOM, 
J0M4 til J0M10, JOM13, J0M14, LOC, 0MJ8, LOOK7, GPATH, PATH1, 
START, RAND, ENTRY, WRTP, BVTBF, GREAD, RSTRT, JOMIN, J0M11, 
JOM12, JOM16, JOM17, END, PTW. Uses the System Tape No. 2 on A5. 
Input: 
2 (in column 6) 
Output : 
TIMOC RWS PROGRAM IS WRITTEN ON TAPE A 5, FILE 2, GEOM. = GEOM 
3rd link: requires the FORTRAN 2, Version 2 or the FORTRAN 3 monitor and 
consists of the binary decks: LTW, LTWF. It uses the "System 
Tape No. 2" on A5. 
In this example a 2 group cross section set is used in order to 
make the results comparable with equivalent calculations per­
formed by a low-order discrete ordinates model. 
203 
AÏ 
Fig. 6: In this nearly cubical fuel assembly the differential effects 
(such as: ¿\ k .., perturbations of flux spectra etc.) caused eil 
by the removal of the indicated (small) section are calculated 
by the use of the SMEC * option. 
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FLEL 1 TC O.C 1.CCC0E 06 1.C0COE 26 1.CCCOE-10 1.50C0E 04 FLEL C.Q C.1456E-01 0 .0 4 .7264E-01 0 .4546E-0 Î 2 .43 E 00 FLEL C.3928E 06 C.13335-03 0 .0 2 .4224E-01 0.29COE-01 2 .56 E 00 FLEL CO 3 3 C 4 .7264E-01 C 3 2 7 6 E CO FLEL C.392SE 06 2 6 C C.1EC5E 00 C.4811E CO - 1 C 6 1 7 1 E - 0 1 0.2445E OC * FLEL* 6 TFE CATA CF FUEL* ARE IDENTICAL TO FLEL. THE SMEC« CPTIC'J REQUIRES -TFAT FISSIONABLE ISOTOPES ARE NAPEC DIFFERENTLY IN THE PERTURBEO ? PEGICN. SEE TIMCC COCE MANUAL SECTIONS 6.2 ANC I C . 4 . 7 . H FLEL« 1 ζ TC O.C 1.CCC0E 06 1.0CC0E 26 1.C0C0E-10 1.50CCE 04 c FLEL« C O C.14565-01 0 .0 4 .7364E-01 0 .4546Ξ-01 2 .43 E 00 FLEL« C.3928E 06 C 1 2 2 3 E - 0 3 0 .0 2 .4224E-0 Í 0.29CCE-01 2 .56 E 00 " FLEL« CO 3 3 Λ C 4 .7264E-01 C.3276E CO £ FLEL« C.3928E 06 2 6 S C C.1EC5E 00 0.4811E 00 - 1 0 .6171E-01 0.2445E OC · 
c π i c Ξ 
C 
205 
4th link: requires the FORTRAN 2, Version 2 monitor and consists of the 
binary deck LOADER. Uses the "System Tape No. 2" on A5 and a 
Re­Run Tape on B5. 
a) Input data for the unperturbed case (all the volume of the 
cube filled with fuel): 
1 SKALL EFFECT CALCULATION 3 2 2 2 9 0 FLEL FLEL« 1 FLEL 
(SMEC » OPTION) ­ SAMPLE PROB.NO 2 
FLEL 
FLEL« 
Î 
2 
CO 
.0 
6 7 ε i 2 o.c 1.0CCOE 06 l.OOCOE 26 l.OOOOE­10 1.50C0E 0»» SFALL EFFECT CALCULATION (SMEC * CPTICN) ­ SAMPLE PROB.NO ECD 5LEAK »FLUX «ITER «SMEC »RLRU * 
2 X ZCNE Y ZCNE 2 ZCNE ZCNE X BLOCK Y BLOCK Ζ BLOCK BLCCK MECIA ZCNE X BLOCK 
Y BLOCK Ζ BLOCK BLCCK MECIA BLCCK MECIA BLCCK MECIA BLCCK MECIA BLCCK MECIA BLCCK MECIA 
TRA 4.4 CEC 5C0O,50C0 TRA 4,4 FEMALE SINGLE :ll:r3· r 
6666667t 3.6666667, 
2I.7 
11 
1 
2 
1 
1 
1 
1 
1 
1 
V 
1 
­3.6666667, 
­3.6666667 
3.6666667 
1 
­11.,­3.6666667, 3.6666667, ,21.0666667, 23.7 11. Ί 
1 
1 
2 
2 
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Input da t a for the "unper turbed case" (Sample Problem No. 2 ) , cont inued: 
ZCNE X BLOCK Y 8L0CK Ζ BLOCK BLCCK MECIA 0 
- 5 . 0 7 C O C O C O C O C O 5 .0 
­ ) ι 
3 .6666667 , - 1 1 . , 1 1 V 8 NO CLADRIC SURFACE 
0 . - 5 . 0 0 .0 10 .0 5 .0 I C O ­ 5 . 0 22.0 5.0 22.0 0. 10.0 
1 1 . 
li· 
2 3 . 7 
10 .0 10 .0 3823.6 22 .9 132.9 1 ^ - 9 îfe 4 Ï . 6 4 1 . 6 3823.6 
3 4 5 7 8 
b) Input da ta for the "per tu rbed case" (Region 6 without f u e l ! ) 
SfALL EFFECT CALCULATION (SMEC * CPTICN) 
2 2 2 9 0 FLEL FLEL« 1 1 FLEL C O 
- SAMPLE PRC8.N0 2 
FLEL 
1 
FLEL« 
.0 
.0 
li o.c 1.CC0OE 06 1.0CC0E 26 1.C000E­10 1.5000E 04 
207 
Input data for the "perturbed case" (Sample Problem No. 2 ) , continued: 
SKALL EFFECT CALCULATION (SMEC · CPTICN) ­ SAMPLE PROB.NC 2 BCD 5LEAK «FLUX «ITER «SMEC «RLRU · TRA 4 ,4 CEC 5CC0,50C0 TRA 4,4 FEMALE SINGLE ­11.,­3.6666667, ­11. 11. i i y 23·τ 
­11.,­3.6666667 
2 X ZCNE Y ZCNE Ζ ZCNE ZCNE X BLOCK Y BLOCK Ζ BLOCK BLCCK MECIA ZCNE X BLOCK 
Y BLOCK Ζ BLOCK BLCCK MECIA BLCCK MECIA BLCCK MECIA BLCCK MECIA BLCCK MECIA BLCCK MECIA ZCNE X BLOCK 
Y BLOCK Ζ BLOCK BLCCK MECIA 0 
­ s . o 7 
CO CO 0.0 CO 0.0 5.0 
3.6666667, 
1 1 
­ 1 1 . , V 23Î7 
: ­3 .6666667, 
1 
3.6666667 
­ 1 1 . , ­ 3 . 6 6 6 6 6 6 7 , 0 . ,21.0666667, 
1 
3.6666667, 
1 1 V 
8 NO CLADRIC SURFACE 
0. ­ 5 . 0 g.o 5.0 ­ 5 . 0 5.0 
J!; 
CO CO CO , 0 . 0 22.0 22.0 10.0 
.6666667 23.7 
1 1 . 
1 1 . 
c) Results : 
The comparison of the two cases (listed below) results in a 
k .. = 0.011, where the method of similar flight paths re­ef f 
duces considerably the error of the difference. The advantage 
of this method holds of course also for effects which are de­
scribed by the differences of the other results, like fluxes 
or absorption ratios. 
COCE = TIMCC (H.RIEF) »** NUCLEAR DATA PREPARATION (N.D.P.) PROGRAM 
SMALL EFFECT CALCULATION (SMEC » OPTION) - SAMPLE PROB.NO 2 
ISOTOPE NO. 1 « FUEL 
ISCTCPE NO. 2 = FUEL» 
FIXT. NO. 1 
FUEL -DENS.= 0. , 
FIXT. NO. 2 
FUEL -DENS.* C1CC00E 01, 
FIXT. NO. 2 
PC 
RG 
RG 
RG 
RC 
RG 
RG 
RG 
RG 
0 
1 
2 
3 
4 
5 
6 
7 
8 
M IXC T 
MIXCT 
MIXCT 
MIXCT 
MIXCT 
MIXCT 
MIXCT 
MIXCT 
MIXCT 
NO. 
NO. 
NO. 
NO. 
NO. 
NO. 
NO. 
NO. 
NO. 
1 
2 
2 
2 
2 
2 
2 
2 
2 
/ή PARAM.« Ο.ΪΟΟΟΕ 27, 0.1000E-09, 0.1500Ε 05 
o 
c 
rf 
•tì 
C 
rf 
O 
w 
P 
3 
Ό 
t) 
FUEL«-DENS.= C10C00E 0 1 , g σ
t-' 
CD 
3 
O 
i 
Ό 
*ί 
O 
m 
e 
¡3 V (ï 
r+ 
C 
FISS.­SPECT. PARAMETERS FOR PRIM.NEUTRONS ,\ % 
FISS.SPEC*TYPE NO 10 FROM E* 0. TO O.ÎOOOE 07(EV), y α 
INPUT DATA ARE WRITTEN ON TAPE 10 ρ 
S to 
en
2 FEMALE SINGLE X ZCNE - C Î Î C O O E 0 2 , - C 3 6 6 6 7 E 0 1 , 0 .36667E 0 1 , 0 .11000E 02 0 Y ZÇNE -Ç.11C00E 0 2 , Q.HQOOE 02 5-
c 
rf 
'•1 
1.2 
Ζ ZCNE C , 0.23700E 02 « 
ZCNE 1 1 1 X ELOCK - C 1 1 C 0 0 E 0 2 , - 0 . 3 6 6 6 7 E 01 Y BLOCK - C l l O O O E 0 2 , Ο.ΠΟΟΟΕ 02 Ζ ELOCK C , 0.23700E 02 ω Ρ 3 •σ BLCCK 1 1 
FECIA 1 
ZCNE 2 1 
X BLOCK - C 3 6 6 6 7 E 0 1 , 0.36667E 01 σ :l ► O ►1 i l , Y BLOCK - C l l C O O E 0 2 , - C 3 6 6 6 7 E O l , C.36667E 0 1 , Ο.ΠΟΟΟΕ 02 
Ζ BLOCK C. , C 2 Î 0 6 7 E 0 2 , C 2 3 7 0 0 E 02 i 
BLCCK 1 1 1 o 
FECIA 2 
BLCCK 1 2 , 1 ~ o 
FECIA 3 so £ 
8LCCK 1 3 1 ¿ 
3 
¿ 4 
FECIA 4 
BLOCK 1 1 
FECIA 5 
ELCCK 1 2 2 
FECIA 6 
BLCCK 1 3 2 
FECIA 7 
Ό ft 
•1 
r t 
ZCNE 2 1 1 I 
X BLOCK C36667E 0 1 , Ο.ΠΟΟΟΕ 02 % 
Y ELCCK - C l l C O O E 0 2 , C l l O O O E 02 a 
Ζ ELOCK C , C 2 3 7 0 0 E 02 o 
Ρ 
Oí 
φ BLCCK 1 1 1 FECIA 8 
0 NC CUADRIC SURFACE 
THE 1 SKEC-CONNECTED MEDIA ARE 6 
RANCOF START rt 0 
THE PRIMARY NEUTRONS SHALL BE STARTED IN 7 SECTORS „ s 5-HAVING THE » AND BEING CONTAINED BETWEEN THE FOLLOWING BLOCKBCUNCARIES g 'S MEDIUM « X-CCCRDINATES Y-COORDINATES Z-COORDINATES S. & 
o 
1 - 1 1 . 0 0 / - 3 . 6 7 - 1 1 . 0 0 / 11.00 0 . / 23.70 * 
2 - 3 . 6 7 / 3.67 - 1 1 . 0 0 / - 3 . 6 7 0 . / 21.07 | 
3 - 3 . 6 7 / 3.67 - 3 . 6 7 / 3.67 0 . / 21.07 
4 - 3 . 6 7 / 3.67 3 .67 / 11.00 0- / 21.07 
5 - 3 . 6 7 / 3.67 - 1 1 . 0 0 / - 3 . 6 7 21 .07 / 23.70 
7 - 3 . 6 7 / 3.67 3 .67 / 11.CO 2 1 . 0 7 / 23.70 
g »»o».. «·*.<> ··... 3 . 67 / 11.00 - 1 1 . 0 0 / 11-00 0 . / 23.70 
o σ 
3 
O 
to 
w 
ι 
* WEIGHT BLZON ° 
i-i 
(Β 
3823.600 000204100201 -Β 
1132.900 000204100202 ef 
1132.900 000210100402 ft 
1132.900 000214100602 c 
141.600 000404101002 | 
141.600 000414101402 o 
3823-600 000204100203 S. 
o o a ι 
TIFCC (H.RIEF, H.KSCHWENDT, EURATOM ISPRA) *«* SMALL EFFECT CALCULATION (SMEC ♦ OPTION) ­ SAMPLE PROB.NO 2 
SPECIFICATIONS LEAK »FLUX «ITER »SMEC »RURU « 
RUSS. ROULETTE VERSION, WEIGHT CORRECTION (PRIM) = ­0.33465E 01, (SEC.) = 0.37230E 01 o 
THE MACHINE IS FREE FROM LOC 21585 TO LOC. 32221 f 
GEOMETRY GE0M(C5R) , SEE INPUT PRINT OF RWS. ** 
SOURCE REGION« ­C o 
w 
n 
M ft 
•fl 
& 
O 
to 
SO to 
* Ι ­
ΟΙ r-> 
I •0 H O tro Η 
ff •o ft 
►s 
rt 
e 
& 
οι α 
o 
Ρ 
CD 
o 
o 
3 
f t 
Η· 
3 
C 
ft α 
TIVCC (H.RIEF, H.KSCHWENDT, EURATOM ISPRA) »«» SMALL EFFECT CALCULATION (SMEC * OPTION) - SAMPLE PROB.NO 2 
KUFE. OF PRIM. HISTORIES = 257, GEN. SECOND.= 5264 ί 5306), CALC. SECOND.= 5000 ( 5040) 
TOTAL LEAKAGE = 0.52533E OC, UNCOLLI.LEAKAGE» 0.1389SE-00 9 
FRC8A8LE ERROR = 0.2S1B7E-02 0.32853E-02 « 
SLCUNG COhN OENS.= 0. ι PROB.ERRCR = 0. 
ENIN» 0. FERMI AGE= 0. ( AGE(X)« 0. AGE(Y)= 0. AGE(Z)= 0. ) ° 
NUCL.NUMB.K= 1 PRCCUCTION/SOURCE = 0.969207Ξ 00 £ 
NUCL-NUMB.K= Ì PRCCUCTION/SOURCE = 0.879606E­02 I 
H­
K(EFF­COLL.) = C.97E07 0.C0786, K(EFF.­FLUX) = 0.98267 0.00718 K(EFFECTIVE) = 0.98173 0.00713 " 
•β 
MULTIPLICATION FACTCR IF REGION SPECIFIED BY SF.EC · IS BLACK o 
c 
K(EFF­COLL.) » C.95264 0.C0782, KIEFF.­FLUX) ■ 0.95848 0.00713 K(EFFECTIVE) = 0.95753 0.00709 Õ 
RG= 1 NUCL.NO K» 1 FISSIONS PER NEUTRON « 0.122270E­C0 RC = 2 NUCL.NO K= 1 FISSIONS PER NEUTRON = 0.467552E­0] RG= 3 NUCL.NO K= 1 FISSIONS PER NEUTRON = 0.660364E­01 £ RG= 4 NUCL.NO K= 1 FISSIONS PER NEUTRON = 0.4406925­01 so RG= 5 NUCL.NO K= 1 FISSIONS PER NEUTRON = 0.240447E­02 g PG= 6 NUCL.NO K= 2 FISSIONS PER NEUTRON = 0.344078E­02 ι ¡°, SC= 7 NUCL.NO K= 1 FISSIONS PER NEUTRON = 0.251649E­G2 S to RG= 8 NUCL.NO K= 1 FISSIONS PER NEUTRON = 0.108883E­C0 o 
TO 
LAST USEC RANDCFNUMBER = 8456701203 g 
G* 
3 
V 
Π> 
1 rt C 
HJ 
σ 
Β. 
o 
K! 
(O, 
o 
o 
B 
et 
H 
S 
c 
(C 
Q. 
TIFCC (H.RIEF, H.KSCHWENDT,. EURATOM ISPRA) *»« SMALL EFFECT CALCULATION (SMEC * OPTION) ­
RG 
2 
2 2 
3 3 3 
4 4 4 
5 5 5 
6 ó 6 
7 7 
7 
8 8 8 
ENERGY GRCUP 0. ­0.2923E 06 0.3928E C6­0.1C0OE 07 0. ­0.1C00E 07 
C ­0.3928E 06 0.3928E C6­0.ÎC00E 07 0. ­0.1C00E 07 
0. 0.3928E 0. 
­0.3928E 06 C6­0.1C00E 07 ­0.1C00E 07 
0. ­0.2928E 06 0.3928E C6­0.1C0OE 07 0. ­0.1C00E 07 
0 . - 0 . 3 9 2 8 E 06 
0 . 3 9 2 8 E C 6 - C 1 C 0 0 E 07 
0 . - 0 . 1 C 0 0 E 07 
0 . - 0 . 2 9 2 8 Ξ 06 
0 . 3 9 2 8 E C 6 - 0 . 1 C Ü 0 E 07 
0 . - 0 . 1 C 0 0 E 07 
0 . - 0 . 3 9 2 8 E 06 
0 . 3 9 2 8 E C 6 - 0 . 1 C 0 0 E 07 
0 . - 0 . 1 C 0 0 E 07 
0 . - 0 . 2 9 2 8 E 06 
0 . 3 9 2 8 E 0 6 - 0 . 1 C 0 0 E 07 
0 . - O . Î C O O E 07 
ABSORPTION 
C 9 8 6 0 3 E - 0 1 
G . 4 7 3 0 6 E - 0 1 
C 1 4 6 4 1 E - 0 0 
C 3 9 3 9 4 E - 0 1 0 . 1 6 9 9 5 E - 0 1 C 5 6 3 8 9 Ê - 0 1 
C 5 6 C 2 2 E - 0 1 
C 2 3 7 1 3 E - 0 Î 
0 . 7 9 7 3 5 E - 0 1 
C 3 5 1 5 6 E - 0 1 C . 1 7 5 2 2 E - 0 1 C 5 2 6 7 8 E - 0 1 
C 1 9 C 8 1 E - 0 2 
C 9 6 3 6 5 E - 0 3 
C 2 6 7 1 3 E - 0 2 
C 2 9 6 3 0 E - 0 2 
C 1 1 9 8 3 E - 0 2 
C 4 1 6 6 3 E - 0 2 
C . 2 0 4 3 7 E - 0 2 
0 . · 5 7 2 9 9 Ε - 0 3 
C 3 0 1 6 7 E - 0 2 
0 . 3 9 5 6 Ó E - 0 1 
0 . 4 1 2 3 4 E - 0 1 
C 1 3 0 3 0 E - 0 0 
ABSORP./VCL C 9 8 6 0 3 E - 0 1 C 4 7 3 C 6 E - 0 1 C 1 4 6 4 1 E - 0 0 
C 3 9 3 9 4 E - 0 Î 0 . 1 6 9 9 5 Ξ - 0 1 C 5 6 3 8 9 E - 0 1 
C 5 6 C 2 2 E - 0 1 C 2 3 7 1 3 E - 0 1 C 7 9 7 3 5 E - 0 1 
0 . 3 5 1 5 6 E - 0 1 
C 1 7 5 2 2 E - 0 1 
C 5 2 6 7 8 E - 0 1 
C . 1 9 0 8 1 E - 0 2 
C 9 6 3 6 5 E - 0 3 
C 2 8 7 1 8 E - 0 2 
C 2 9 6 8 C E - 0 2 
C 1 Î 9 8 3 E - 0 2 
C 4 1 6 6 3 E - 0 2 
C 2 0 4 3 7 E - 0 2 
0 . 9 7 2 9 9 E - 0 3 
C 3 0 1 6 7 E - 0 2 
C 8 9 5 6 6 E - 0 1 
0 . 4 1 2 3 4 E - 0 1 
C 1 3 0 8 0 E - 0 0 
TOTAL A B S O . ( F L L X ) = 0 . 4 7 6 0 7 E - C C , PROB.ERROR = 
TOTAL A B S O . ( C O L L . ) = 0 . 4 7 4 C 1 E - 0 0 , PROB.ERRCR = 
TOTAL ABSORPTION = 0 . 4 7 5 6 3 E - C C , PROB.ERRCR = 0 . 3 8 C 5 3 E - 0 2 
0 . 3 8 2 3 6 E - 0 2 
0 . 4 1 0 8 Î E - 0 2 
FLUX(E)»DE 
0 . Ϊ 6 4 2 8 Ε 01 
C 1 6 4 0 9 E Ol 
0 . 3 2 6 3 8 E Ol 
0 . 6 5 6 3 5 E 
0 . 5 6 3 3 7 E 
C 1 2 2 9 7 E 
00 00 Ol 
0.92339E 00 0.81395E 00 0.17473E Ol 
0 . 5 8 5 7 4 E 00 
0 . 6 0 1 4 3 E 00 
0 . Π 8 7 2 Ε Ol 
0.31791Ε-0Ϊ 0.33077E-01 0.64868E-01 
0 . 4 9 4 5 0 E - 0 
0 . 4 1 1 3 1 E - 0 
C 9 0 5 3 1 E - 0 1 
0 . 3 4 C 5 1 E - 0 1 0 . 3 3 3 9 8 E - 0 Ì C 6 7 4 4 9 E - 0 1 
C 1 4 9 2 5 E Ol 
C 1 4 1 5 3 E Ol 
0 . 2 9 0 7 6 E 01 
FLUXE(E) 0 . 4 1 8 2 4 E - 0 5 0 . 2 7 0 2 5 E - 0 5 
0 . 1 6 7 0 9 E - 0 5 0 . 9 6 0 7 5 E - 0 6 
0 . 2 3 7 6 2 E - 0 5 
0 . 1 3 4 0 5 E - 0 5 
0 . 1 4 9 1 2 E - 0 5 0 . 9 9 0 5 0 E - 0 6 
0 . 8 0 9 3 5 E - 0 7 
0 . 5 4 4 7 5 E - 0 7 
0 . 1 2 5 8 9 E - 0 6 
0 . 6 7 7 3 3 E - 0 7 
0 . 8 6 6 8 7 E - 0 7 0 . 5 5 0 0 3 E - 0 7 
0 . 3 7 9 9 0 E - 0 5 
0 . 2 3 3 0 9 E - 0 5 
<l o e rt 
•Ö C 
o 
Η) 
co Ρ 3 
Ό 
*0 
C 
σ 
M ft 
3 
53 
O 
to 
so 
co 
ι 
►o 
o 
TO 
Ρ 
3 
ff 
Ό ft 
H¡ 
r+ 
e 
C ft 
α 
o Ρ κ ft 
to 
KJ 
¿0 
o 
Β 
rf 
Η­3 C ft 
a. 
TIFCC (H.RIEF, H.KSCHWENDT, EURATOM ISPRA) *«* SMALL EFFECT CALCULATION (SMEC * OPTION) - SAMPLE PROB.NO 2 
ENERGY GRCUP C -0.3928E 06 0.3928E 06-O.1CC0E 07 
0. -0.1COOE 07 
NO.NTR. 1309 3988 
5297 
NO.COLLS. 9107 20327 
CHI-PRIM«DE 
C 2 4 9 0 3 E - 0 0 
0.75097E 00 
CHI-SEC*DE 0.24702E-00 0.75298E 00 
CHI-PRIM 0.63398E-06 0.12368E-05 
CHI-SEC 0.62388E-06 0.12401E-05 
29434 l.COOOOE 00 1.0C00CE 00 o c 
rt-
Ό 
C 
ΓΙ­
Ο 
Η, 
CO 
Ρ 
3 ■c 
* ) 
o o 
ro OJ rom oes — i 
* ■ « 
m m I ι o o o o 
o o 
eneo 
O C O 
■ P O 
o o m m 1 1 
o o coco 
o o 
o— 
OJ—» 
O C D 
­ 4 C 0 
O J O 
mm 1 1 
o o 
CO­4 
o o 
cn-g - * o 
■ P ­ F 
■POJ 
­ • J ­ 4 
mm 1 1 
O O 
coco 
O O 
o - · OJ­F 
t n o 
* r O 
U H M 
m m 1 1 
o o 
­ J O 
o o 
­ J f O 
roro ο · τ 0 * r 
o r o m m 1 1 
o o o o 
o o 
o—» O U I 
­J­>J 
O J O 
on—* 
m m 1 1 
o o ­ J O 
o o z 
N3LM73 
t n o 2 U U T · 
roo ι U J O T l 
mmi— Ι Ι χ 
o o — o o m 
> 
3 
"Ό 
Γ-
m 
-o 
?3 
O 
C3 
• 
O O O O O O o o o o o o o o o o m 
ro 
-*·*>* 
O F 
roo· 
OJ—* 
OJ OJ 
O J - * 
co-ι 
O J O 
o r o 
*rcn 
■p­ro 
­J­e1 
—·--α —iro 
LWUI 
O J ­ ­
­ j m 
ocs 
O J O 
ο · ο 
C I V ) 
C O O 
o r o ­JOO 
CO—4 
o­p· 
O J O 
O J O · 
CnO 
O J O 
ο·οι 
o r o oco o - * ­ 4 ­ 4 
— • C O C 
corox C O ­ j — 
ro-ri-n o—»— 
>­¡ o 
Ο­
Ι­' ft 
3 
sa 
o 
to 
SO 
co 
I 
►β 
o 
►1 
Ρ s 
ff 
•α 
ft 
rt 
C 
to 
H-1 
ft 
α 
o 
Ρ 
tn ft 
o 
§ rt 
Η· 
D 
C 
ft 
α 
COCE * TIMCC (F.RIEF) ·*» NUCLEAR DATA PREPARATION (N.D.P.) PROGRAM ξ 
SMALL EFFECT CALCULATION (SMEC « OPTION) ­ SAMPLE PROB.NO 2 £ 
ISOTOPE NO. 1 * FUEL Õ 
ISOTOPE NO. 2 = FUEL» 
FIXT. NO. 1 % 
FUEL ­DENS.= C , φ 
'F IXT. NO. 2 3 
FUEL -DENS.= C1CCOOE 0 1 , £ 
F I X T . NO. 2 3 
FUEL»-DENS.= 0.1CC00E 0 1 , * 
o 
• 
to 
RG 
RG 
RG 
RG 
RG 
RG 
RG 
RG 
RG 
0 
1 
2 
3 
4 
5 
6 
7 
8 
MIXCT 
MIXCT 
MIXCT 
MIXCT 
MIXCT 
MIXCT 
MIXCT 
MIXCT 
MIXCT 
NO. 
NO. 
NO. 
NO. 
NO. 
NO. 
NO. 
NO. 
NO. 
1 
2 
2 
2 
2 
2 
1 
2 
2 
1) 
co 
Ά to 
I Η 
rr¡ Oi 
O 
TO 
t) ft 
►1 rt-
C 
•-ί σ 
CD α 
η 
Ρ 
FISS.-SPECT. PARAMETERS FOR PRIM.NEUTRONS A "-
FISS.SPEC.»TYPE NO 10 FROM E= 0. TO C1000E 07ÍEV), 4) 
INPUT DATA ARE WRITTEN ON TAPE 10 
PARAM.= O.IOOOE 27, 0.1000E-09, 0.1500E 05 
2 X ZCNE Y ZCNE 2 ZCNE 
ZCNE ­X BLOCK Y ELOCK Ζ BLCCK 
ELCCK .FECIA 
ZCNE 
x euocK Y BLOCK Ζ ELCCK ELCCK FECIA 
ELCCK FECIA 
ELCCK FECIA 
ELCCK FECIA 
BLOCK FECIA 
ELCCK 
FECIA 
ZONE X eLCCK Y BLCCK Ζ BLCCK 
BLCCK FECIA 
FEMA 
1 
1 
2 
1 
1 
1 
1 
1 
1 
2 
1 
LE SINGLE ­CÏ1COOE ­C11COOE C 
1 ­0, ­C. C. 
' , 
1 ­C. ­C. c . 
' 2 
2 , 
3 4 
' s 
2 6 
3 7 
1 C, 
­c 
Ο­Ι 
e 
,11C00E .1ÎC00E 
1 
1 
.36667Ξ ,ΙΚΟΟΕ 
I 
1 
1 
1 
2 
2 
2 
• 36667E .11C0OE 
1 
02, 02, 
t 
02, 
02, 
Ol, 
02, 
t 
01, 02, 
­C36667E CllOOOE 0.23700Ξ 
­0.366Ó7E CllOOOE C23700E 
C36667E ­C366Ó7E 0.21067E 
Ο.ΠΟΟΟΕ Ο.ΠΟΟΟΕ C23700E 
01, 02 02 
01 02 02 
01 Cl, 02, 
02 
02 
0.36667Ε 0 1 , Ο.ΠΟΟΟΕ 02 
0.36667Ε C I , Ο.ΠΟΟΟΕ 02 0.23700Ε 02 
o c rt 
Ό 
c 
r i 
O 
Hh 
CO 
Ρ 
3 
Ό 
>-s 
O 
σ 
M 
ft 
3 
s; 
o 
to 
H-1 
to σ> 
co 
ι 
►d 
o 
TO 
H¡ 
»O 
ft 
rt 
C 
ft 
α 
η 
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FECIUF * X-CCCRDINATES Y-COORCINATES Z-COORDINATEb 
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2 
3 
4 
5 
7 
8 
-11 .00 / 
- 3 . 6 7 / 
- 3 . 6 7 / 
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3 .67 / 
- 3 . 6 7 
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I WEIGHT 
3823.600 
1132.900 
1132.900 
1132.900 
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3823.600 
BLZON 
000204100201 
000204100202 
000210100402 
000214100602 
000404101002 
000414101402 
000204100203 
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TO 
►1 
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ft 
H rt 
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to 
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TIFCC (H.RIEF* H.KSCFWENDT, EURATOM ISPRA) »*» SMALL EFFECT CALCULATION (SMEC * OPTION) ­ SAMPLE PR08.N0 2 
SPECIFICATIONS LEAK »FLUX «ITER »SMEC »RURL * 
RUSS. ROULETTE VERSION, WEIGHT CORRECTION (PRIF) = ­C33465E 01, (SEC.) = 0.37230E 01 <? 
THE MACHINE IS FREE FROM LOC. 2Í535 TO LOC. 32221 £ 
GEOMETRY GE0MÍC5R) , SE£ INPUT PRINT OF RWS. 
SOURCE RÊGICN= ­C 
o 
Ht, 
CO Ρ 3 •σ 
►d 
o σ M ro 3 
■Ζ O 
to 
50 tO 
co oo 
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*d 
►ï 
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TO 
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3 
ft 
rf 
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TlfOC (H.RIEF, H.KSCHWENDT, EURATOM ISPRA) **» SMALL EFFECT CALCULATION (SMEC * OPTION) - SAMPLE PROB.NO 2 
NUME. OF PRIM. HISTORIES = 257, GEN. SECOND.» 5264 ( 5264), CALC. SECOND.» 5000 ( 5000) 
TOTAL LEAKAGE = 0.52Î55E CC, UNCOLLI.LEAKAGE» 0.14129E-00 PRCBAeLE ERROR = 0.28371E-02 0.33212E-02 
SLOWING C0V>N DENS.* 0. , PROB.ERRCR = 0. 
EMIN* 0. FERMI AGE= 0. { AGE(X)= 0. AGE(Y)= 0. AGE(Z)* 
NUCL.NUMB.K* 1 PRCCUCTION/SOURCE = 0.966754E 00 NUCL.NUMB.K« 2 PRCCUCTION/SOURCE = 0. 
KIEFF-COLL.) = C.96681 0.00787, K(EFF.-FLUX) » 0.97150 0.00717 K(EFFECTIVE) = 
MULTIPLICATION FACTCR IF REGION SPECIFIED BY SMEC « IS BLACK 
KIEFF-COLL.) = C.96126 0.C0784, K(EFF.-FLUX) = 0.96614 0.00714 KtEFFECTIVE) * 
PG= 1 NUCL.NO K= 1 FISSIONS PER NEUTRON = 0.122041E-00 RG= 2 NUCL.NO K= ] FISSIONS PER NEUTRON = 0.466195E-01 RG= 3 NUCL.NO K= 1 FISSIONS PER NEUTRON = 0.655U35E-C1 RG= 4 NUCL.NO K= 1 FISSIONS PER NEUTRON => 0.4M2195E-01 RG= 5 NUCL.NO K= j FISSIONS PER NEUTRON = 0.216117E-02 RG* 7 NUCL.NO K= j FISSIONS PER NEUTRON = 0.244312E-02 RG= 8 NUCL.NO K= 1 FISSIONS PER NEUTRON = 0.108796E-C0 ï 
LAST USED RANDCMNUMBER « 8456701203 2 
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g rt K S c a α 
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TIFCC (H.RIEF, H.KSCHWENOT, EURATOM ISPRA) SMALL EFFECT CALCULATION (SMEC · OPTION) ­
RG 
2 2 2 
2 3 3 
4 4 4 
5 
5 5 
6 6 6 
7 7 7 
8 3 8 
ENERGY GRCUP 0. ­0.2923E 06 0.3928E C6­0.1C00E 07 0. ­O.ÎC0OE 07 
C ­0.3923E 06 0.392EE C6­0.1C00E 07 0. ­0.1C00E 07 
0. 0.3928E 0. 
0. 0.3928E 0. 
0. 0.3928E 0. 
0. 0.3928E 0. 
­0.3923E 06 C6­0.1CQ0E 07 ­0.1C00E 07 
­0.2923E 06 C6­0.1C00E 07 ­0.1C00E 07 
­0.2923E 06 C6­0.1CC0E 07 ­0.1C00E 07 
­0.2928E 06 C6­0.1CC0E 07 ­0.1C00E 07 
0. ­0.3928Ξ C6 0.3928E C6­0.1C00E 07 0. ­0.1C00E 07 
0. 0.3958E 0. 
­0.3923E 06 C6­0.1C00E 07 ­0.1C00E 07 
A3S0RPTICN 0 .98164E-01 C 4 7 9 0 9 E - 0 1 C 1 4 6 0 7 E - 0 0 
0 .39151E-01 C 1 7 0 4 4 E - 0 1 C 5 6 1 9 5 E - 0 1 
C 5 5 4 7 7 E - 0 1 0 .23632E-01 C 7 9 1 1 0 E - 0 1 
C 3 5 3 1 3 E - 0 1 C.17553E-01 C 5 2 8 6 6 E - 0 1 
C 1 6 1 1 0 E - 0 2 
0 .94534E-03 C 2 5 5 6 3 E - 0 2 
C. C C 
C.19801E-02 C 9 4 7 6 3 E - 0 3 C 2 9 2 7 3 E - 0 2 
C 3 9 0 4 9 E - 0 1 C 4 1 5 3 9 E - 0 1 C 1 3 0 5 9 E - 0 0 
A3S0RP./VCL C. 93164 E-Ol 0 .47909Ξ-01 C146C7E-00 
C 3 9 1 5 1 E - 0 1 C 1 7 0 4 4 E - 0 1 C 5 6 1 9 5 E - 0 1 
C 5 5 4 7 7 E - 0 1 0 .236 22 5-01 0 .791105 -01 
C 3 5 3 1 3 E - 0 Î C 1 7 5 5 3 Ê - 0 1 C 5 2 3 6 6 E - 0 1 
C 1 6 1 1 0 E - 0 2 C.9U534E-03 C.255635-02 
C. C. C 
C193C1E-02 0 .94768E-03 C 2 9 2 7 2 E - 0 2 
0 .89049Ξ-01 C 4 1 5 2 9 E - 0 1 C 1 3 0 5 9 E - 0 0 
FLUX<E)*0E 0.16355E 01 0.16445Ξ 01 0.32ε00Ε 01 
0.65230E 00 0.5E534E 00 0.12373E 01 
0.92431E 00 C 8 H 1 Õ E 00 C 1 7 2 5 5 E 01 
C5E836E 00 0.6C251E 00 C 1 1 9 0 9 E 01 
0 .26840E-01 0 .32U49E-01 C 5 9 2 3 9 E - 0 1 
0.373S4E­01 0.3S108E­0Î 0.75492E­01 
0.32991E-01 0 .32529E-01 C 6 5 5 2 0 E - 0 Í 
0.14837E Ol 0.14258E 01 0.29095E 01 
FLUXE(E) 0.41637E­05 0.27083E­05 
0.16606E­05 0.96350E­06 
0.23531E­05 0.13359E­05 
0.14979E­05 0.99227E­06 
0.63331E­07 0.53440E­07 
0.95172E­07 0.62761E­07 
0.83990E­07 0.53572E­07 
0.37771E­05 0.23482E­05 
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TOTAL ABSO.(FLLX) = TOTAL ASSO.(COLL. ) = 0.47032E-C0, PROB.ERRCR = O.46E29E-C0, PROB.ERRCR = 0.38217E-02 0 . 4 Π 5 0 Ε - 0 2 
TOTAL ABSORPTION = C 4 6 9 9 1 E - C C , PROB.ERRCR = 0.38G05E-02 
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TIMCC IH.RIEF, H.KSCHWENDT, EURATOM ISPRA) »*» SMALL EFFECT CALCULATION (SMEC * OPTION) - SAMPLE PROB.NO 2 
ENERGY GRCUP C -0.3928E 0.3928E C6-0.1CC0E 
C -0.1C00E 07 
ENC OF JC3 
5257 
CHI-SEC»DE 0.246605-00 C7534CE 00 
28234 l.OOOOOE 00 1.00000E 00 
06 
07 
NCNTR. 
1297 
3960 
NO.COLLS. 
8693 
19536 
CHI-PRIM«DE 
0.249C3E-00 
0.75097E 00 
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0 .12368E-05 
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0 .62780E-06 
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12.3 Decay of a Neutron Burst in a Graphite Slab 
In this example the decay of a monodirectional, monoenergetic, Q It J -
burst is calculated. The neutrons are injected into an infinite graphite 
slab of 2.54 cm thickness as shown in Fig. 7. The nuclear data consist 
of a 26 group cross section library generated by the CODAC (26) code. 
They were already loaded on "System Tape No. l" file 3 in the first 
example. 
1st link: requires the FORTRAN 2, Version 2 monitor and consists of the 
binary decks: SPACE, BEGIN, WPK67, RWS, SLBCY, PTW. It uses 
the "System Tape No. l" on A5. 
Input : 
4 (in column 6) 
Output : 
TIMOC RWS PROGRAM IS WRITTEN ON TAPE A5, FILE 4, GEOM. = SLBCYL 
2nd link: requires the FORTRAN 2, Version 2 monitor and consists of the 
library decks: SPACE, BEGIN, WPK67, TTS, PTW. Uses the "System 
Tape No. l" on A5. 
Input : 
5 (in column 6) 
Output : 
TIMOC TSS PROGRAM IS WRITTEN ON TAPE A5, FILE 5. 
3rd link: requires the FORTRAN 2, Version 2 monitor and consists of the 
binary deck LOADER. Uses the "System Tape No. l" on A5, a Re-
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Fig. 7: Monodirectional, monoenergetic, Ò (t) source at the boundary 
of a slab of 2.54 cm thickness (cos® = 1; sin ψ = O; 
cos ψ = 1; E = 2.14 MeV). 
Region O is the leakage region. 
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Run Tape on B5 and the Time Scanning Tape on A6. 
Input : 
1 
TIME DEPENDENT NEUTRON DECAY IN A CÎ2­SLAB« SAMPLE PRO.NO.3 
1 C 2 2 1 0 C12 
C12 C0EC3 
C12 C O 1 Λ 10 1.0E03 1C0E06 0.9650EC6 2.2900E­6 4.527 4 TIME CEPENCENT NEUTRON DECAY IN A C12­SLAB« SAMPLE PR0.NC3 BCD 9FLUX «TRAN «LEAK «TIME «STPT «ANGL »STEN «VARC »TMAX · TRA 4.4 CEC 5000,1 TRA 4,4 CEC 11,1,1,0,1.0,3.54 TRA 4,4 CEC 1.01,0.0,0.0,0.0,1.0,0.0,2.14E6 TRA 4,4 CEC 5,5.0E­e,4.0E­8,3.0E­8,2.0E­8,1.0E­8,0.0 TRA 4,4 CEC 1,22 TRA 4,4 
TIME CEPENCENT NEUTRON DECAY IN A C12­SLAB« SAMPLE PRO.NO.3 ECO 3FLUX «LNEN »ENGB * TRA 4,4 CEC 5,2.15E6,1.64E6,0.8E6,C4E6,C1E6,0.0 
CEC 5Î5.0E­8,4.0E­8,3.0E­8,2.0E­8,1.0E­8,0.0 TRA 4,4 
Output: In addition to the sampling performed by the RWS pro­
gram a tape containing the characteristic (time dependent) 
parameters of all events is generated and afterwards scanned 
by the Time Tape Scanning (TTS­) program (see 11.7). 
CODE - TIMOC (H.RIEF) ·** NUCLEAR DATA PREPARATION IN.D.P.) PROGRAM 
TIME DEPENDENT NEUTRON DECAY IN A C12-SLAB* SAMPLE PRO.NO.3 
ISOTOPE NO. 1 = C12 
o 
MIXT. NO. 1 ΛΑ,ΛΛ „, * 
C12 -DENS.« O.B0300E-01, * 
MIXT. NO. 2 2 
C12 -OEKS.= 0. » S. 
tn 
RS O MIXCT NO. 2 | RG 1 MIXCT NO. 1 
1) PARAM.= 0.9650E 06, O.229OE-05, 0.45271 01 
►t 
FISS.-SPECT. PARAMETERS FOR PRIM-NEUTRONS AAISVI Â) 
EISS.SPEC.«TYPE NO 10 FROM E» 0.1000E OU TO 0.1000E. 0«3CEV>, ή/ 
INPUT DATA ARE WRITTEN ON TAPE 10 ? 
SB W> 
σ Ό ι •o 
o 
» 
3 
TTMOC ( H . R I E F , H.KSCHWENDT, EURATOM ISPRA) » * * TIME DEPENDENT NEUTRON DECAY IN A C 1 2 - S L A B * SAMPLE PRO.NO.3 
SPECIFICATIONS FLUX »TRAN «LEAK »TIME «STPT »ANGL »STEN »VARC *TMAX * 
THE MACHINE I S FREE FROM LOC. 18897 TO LOC. 32537 
GEOMETRY DATA 
TYPE» 111 
SLABS 
C = 1 
R » 0 . 1 . 0 0 0 3 . 5 4 0 
SOURCE REGION« 1 
SPNX= 1 . 0 1 SPNY« 0 . SPNZ= 0 . SSINP= 0 . SC0SP= 0 . 1 0 0 0 0 E 01 SCOST= 0 . *) 
o 
c rt 
•α 
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•ο 
co 
σι 
Ί ) SPNE- 0 . 2 1 4 0 0 Ε 07 
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► 1 
Ο 
σ >— α s 
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TIMOC (H.RIEF, H.KSCHWENDT, EURATOM ISPRA) *** TIME DEPENDENT NEUTRON DECAY IN A C12-SLAB* SAMPLE PRO.NO.3 
NUMB. OF PRIM. HISTORIES 5000, GEN. SECOND.« Ο ί 
TOTAL LEAKAGE " PROBABLE ERROR 
SLOWING DOWN DENS. 
ENIN= 0.2100E-01 
0.10000E 01, UNCOLLI.LEAKAGE* 0.68260E 00 0. 0.44400E-02 
0. 
FERMI AGE = 
, PROB.ERROR = 0. 
0. ( AG£(X)= 0. 
0), CALC. SECOND.■■ 0 ( 
AGEÍY)^ 0. AGEU) = 0 . 
0) o e ft 
Ό C rt 
O 
Hi 
MEAN DESTRUCT.T« 0.1734-7E-08> MEAN ABSO. T I . = 0 . 
PROBABLE ERROR * 0.15189E-10 0 . 
MEAN LEAKAGE T . * 0 .1 73»*?E-08, 
0.15189E-10 
TIME INTERVAL 0. -1.0000Ε-0Θ 1.0000E-08 -0.2000E-07 0.2000E-07 -0.3000E-07 0.3000E-07 -0.UOO0E-07 0.4000E-07 -0.5000E-07 
PRD.TI.OI.#DT DST.TI.DI.#DT PRD.TT.DI. 0, 0. 0. 0. 0. 
0.992l(E 00 0.7200E-02 O.i|0OOE-03 0. 0. 
0. 0. 0. 0. 0. 
WE16HT LOST BY EXCEEDING THE TIME LIMIT ( 0.50000E-07) ■ 0. 
LAST USED RANDOMNUMBER » 20207087649 
TOTAL NUMBER OF RECORDS ON TIME TAPE * 126 
O 00.TO PRO.Τ 0 . 0 . 0 . 8: 
DST.Τ I . D l . 0.992WE 08 0 .7200t 06 0.4000E 05 0 . 0 . 
CO.TO DST.T. O. Ì632E­08 
0.9440Ε-Ί0 
0.857SE-11 
O. 
0 . 
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(C 
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I-1 
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to 
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en 
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TTMOC (H.RIEF, H.KSCHWENDT, EURATOM TSPRA) »** TIME DEPENDENT NEUTRON DECAY IN A C12­SLAB* SAMPLE PRO.NO.3 
RG ENERGY GROUP ABSORPTION 1 0.4000E 06­0.8000E 06 0. 1 0.8000E 06­0.1400E 07 0. 1 O.1U.O0E 07­O.2500E 07 0. 1 O.21OOE­01­0.105ÖE 08 0. 
PROB. ERRORS = 6.380528 PERCENT 
1 0.8000E 06­0.1400E 07 0. 
ABSORP./VOL 0. 0. 0. 0. 
0. 
TOTAL ABSO.(FLUX) = 0. TOTAL ABSO.(COLL.)= 0. 
TOTAL ABSORPTION = 0. 
, PROB.ERROR = 0. , PROB.ERROR =■ 0. 
, PROB.ERROR = 0. 
FLUXÍE)*DE 0.50723E­02 0.670^2Ε­01 0.12436E Ol 0.13157E Ol 
0.42777E­02 
FLUXE(E) 0.12681E­07 O.U17«+E­06 0.11305E­05 
0.71294E­08 
Ό 
<) NORM.-FLX(E) 0.3794UE-08 0.33U35E-07 0.33829E-06 
FLUXÍE )»E 0.76O8HE-02 0.12291E-00 0.22046E Ol 
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e Ό 
C 
Ό -s o σ ι— re 3 
•ζ 
ο Ν) 
PC 
ΙΛ 
Ι •υ "ι ο 
f: 
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3 C ft 
α 
TINCC (H.RIEF, H.KSCHWENDT, EURATOM ISPRA) **» TIME DEPENDENT NEUTRON DECAY IN A C12­SLAB» SAMPLE PRO.NO.3 
RADIUS RG .000 0 .000 0 
1.000 0 
1.000 0 
'1 ENERGY GROUP 0 . 4 0 0 0 E 0 6 - 0 . 8 0 0 0 E 0 . 8 0 0 0 E 0 6 - 0 . m o O E 0.1400E 07­0.2500E 0.2100E­01­0.1050E 08 
06 07 07 
3.540 1 0.4000E 06­0.8000E 06 3.540 1 0.8000E 06­0.1400E 07 3.540 1 0.1400E 07­0.2500E 07 3.540 1 0.2100E­01­0.1050E 08 
RADIUS RG ENERGY GROUP PER UNIT ENERGY 1.000 Ο Ο.ΠΟΟΟΕ 06­0.8000E 06 1.000 0 0.8000E 06­0.1400E 07 1.000 0 0.14Q0E 07­O.2500E 07 
3.540 1 0.4000E 06­0.8000E 06 3.540 1 0.8000E 06­0.1400E 07 3.540 1 0.1400E 07­0.2500E 07 
TRA( IN /OUT) 0 . 0 . 0 . 0 . 
0 . 1 6 0 0 0 E - 0 2 0 . 2 0 2 0 0 E - 0 1 0 . 8 3 5 4 0 E 00 0.Ô572OE 00 
TRA(0UT/IN) 0.50000E­03 O.19O00E­01 0.12320E­00 0.14280E­00 
0. 0. 0. 0. 
0. 0. 0. 
0 . 4 0 0 0 0 E - 0 8 0 . 3 3 6 6 7 E - 0 7 0 . 7 5 9 4 5 E - 0 6 
0.15000E­08 0.31667E­07 0.1 1200E­06 
0. 0. 0. 
TRA(SM) 0.60000E­03 O.ISOOOE­Ol Ο.12320E­00 0.14280E­00 
0.16000E­02 0.20200E­0] 0.83540E 00 
CUR( IN /OUT) 0 . 0 . 0 . 0 . 
0 . 1 0 0 7 8 E - 0 2 0 . 1 2 9 9 3 E - 0 1 0 . 7 7 6 2 6 E 00 
0 . 8 5 7 2 0 E 00 0 . 7 9 0 2 6 E 00 
TRAUN/OUT) T R A Í 0 U T / 1 N ) TRA(SM) 
0 . 1 5 0 0 0 E - 0 8 0 . 3 1 6 6 7 E - 0 7 0 . 1 1 2 0 0 E - 0 6 
0 . 4 0 0 0 0 E - 0 8 0 . 3 3 6 6 7 E - 0 7 0 .7594 -5E-06 
CUR( IN /OUT) 
0 -0 . 0 . 
0 . 2 5 1 9 5 E - 0 8 0 . 2 1 6 5 5 6 - 0 7 0 . 7 0 5 6 9 E - 0 6 
<) 
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Ui 
3 •c 
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► 1 o tr 
3 
•z 
O 
<) 
OURIOUT/ IN) 
- 0 . 3 1 7 7 4 E - 0 3 
■ 0 . 1 1 0 2 0 E - 0 1 
- 0 . 7 3 0 7 7 E - 0 1 
- 0 . 8 4 4 1 5 E - 0 1 
■ 0 . 
- 0 . 
- 0 . 
- 0 . 
CUR(SM) ■ 0 . 3 1 7 7 4 E - 0 3 - 0 . Π 0 2 0 Ε - 0 1 - 0 . 7 3 O 7 7 E - 0 1 - Q . 8 4 4 1 5 E - 0 ) 
0 . 1 0 0 7 8 E - O 2 
0 . Ί 2 9 9 3 Ε - 0 1 
0 . 7 7 6 2 6 E 00 
0 . 7 9 0 2 6 E 0 0 
CURtOUT/lN) CUR(SM) 
• 0 . 7 9 4 3 6 E - O 9 
• 0 . 1 8 3 6 7 E - 0 7 
• 0 . 6 6 4 3 3 E - 0 7 
•O. 
■ 0 . • 0 . 
- 0 . 7 9 4 3 8 E - 0 9 
• 0 . 1 8 3 6 7 E - 0 7 
• 0 . 6 6 U 3 3 E - 0 7 
0 . 2 5 1 9 5 E - 0 8 0 . 2 1 6 5 5 E - 0 7 0 . 7 0 5 6 9 E - 0 6 
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TIMOC (H.RIEF, H.KSCHWENDT, EURATOM ISPRA) **« TIME DEPENDENT NEUTRON DECAY IN A C12­SLAB· SAMPLE PRO.NO.3 
SEC«DE ENERGY GROUP 
0 . 2 1 0 0 E ­0 . 2 1 5 0 E ­
0 . 4 6 5 0 E ­
O.IOOOE 
0 . 2 1 5 0 E 
0 . 4 6 5 0 E 
0 . 1 0 0 0 E 
0 . 2 1 5 0 E 
0 . 4 6 5 0 E 
O.IOOOE 
0 . 2 1 5 0 E 
0.I+650E 
O.IOOOE 
0 . 2 1 5 0 Ë 
0 . 4 6 5 0 E 
O.IOOOE 
O.2150E 
0.»4650E 
O.IOOOE 
0 .2000E 
O.40O0E 0 . 8 0 0 0 E 
0.14­OOE 
O.2500E 
0.4OOOE 0 . 6 5 0 0 E 
• 0 1 ­ 0 . 2 1 5 0 E ­• 0 0 ­ 0 . 4 6 5 0 E ­
■00­O. ÌO0OE 0 1 ­ 0 . 2 1 5 0 E 
0 1 ­ 0 . 4 6 5 0 E 
01 ­O .100OE 
0 2 ­ 0 . 2 1 5 O E 
O 2 ­ 0 . 4 6 5 0 E 
0 2 ­ 0 . 1 0 0 0 E 
0 3 ­ O . 2 1 5 O E 
0 3 ­ 0 . 4 6 5 0 E 
0 3 ­ 0 . 1 0 Q 0 E 
0 4 ­ 0 . 2 1 5 0 E 
0J+­0.4650E 
0J>­0.1OO0E 
0 5 ­ 0 . 2 1 5 0 E 
0 5 ­ 0 . 4 ^ 5 0 E 0 5 ­ 0 . 1 0 0 0 E 
0 6 ­ 0 . 2 0 0 0 E 
06­0.4­OO0E 
0 6 ­ 0 . 8 0 0 0 E 0 6 ­ 0 . 1 U 0 0 E 
0 T ­ O . 2 5 0 0 E 
07­0.4­OOOE 
0 7 ­ 0 . 6 5 0 0 E 0 7 ­ 0 . 1 0 5 0 E 
■OO ■OO 
Ol Ol Ol 02 
02 
02 
03 
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06 
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06 07 
07 
07 
07 08 
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0 0 
0 
0 
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0 
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0 
0 
0 
0 
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0 0 
0 
0 
0 
0 
0 
0 0 
5 0 0 0 
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NO.COLLS. 
0 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 0 
0 
0 
0 
0 
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0 0 
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0 . 
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0 . 
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0 . 
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0 . 
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0 . 
0 . 0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 0 . 
0 . 
0 . 
0 . 0 . 
0.2100E­01­0.1050E 08 5000 2556 0.10000E Ol 0. 
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0 . 0 . 
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­PRIM 
0 . 9 0 9 0 9 E ­ 0 6 
0 . 0 . 
0 . 
OHI ­SEC 
0 . 
0 . 0 . 
0 . 0 . 
0 . 
0 . 
0 . 0 . 
0 . 0 . 
0 . 0 . 
0 . 0 . 
0 . 0 . 
0 . 0 . 
0 . 0 . 
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TIMOC ( TTS, BY H.KSCHWENDT, EURATOM ISPRA) »» TIME DEPENDENT NEUTRON DECAY IN A C12­SLAB« SAMPLE. PRO.NO.3 
SPECIFICATIONS * 
GEOMETRY DATA 
TYPE* 111 
SLABS 
C = 1 
R = 0. 1.000 
ENERGY BOUNDARIES, IM= 5 0.21500E 07 0.1640OE 07 
TIME BOUNDARIES, TM= 5 O.5O00OE­07 0.40000E­07 
NUMB. OF PRIM. HISTORIES ­
126 CORRECT RECORDS, 
FLUX #UNEN »ENGE » 
.540 
.80000E 06 0.40000E 06 0.10000E 06 0. 
0.30000E­07 0.20000E­0? 
5000, NORMALIZATIONS 
0 WRONG RECORDS 
1.00000E-08 0 . 
5 0 0 0 . 0 0 0 , GEN. SEC.= 
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TIMOC l TTS, BY H.KSCHWENDT, EURATOM ISPRA) ««­ TIME DEPENDENT NEUTRON DECAY IN A C12­SLAB* SAMPLE PRO.NO.3 
TIME INTERVAL = 0. - 1 . 0 0 0 0 0 E - 0 8 
DISTANCE C I ENERGY GROUP 
1 .00 0 0 . 4 0 0 0 E 0 6 - 0 . 8 0 0 0 E 06 
1 .00 O 0 . 8 0 0 0 E 0 6 - 0 . 1 6 U Û E 07 
1 .00 0 0 . 1 6 4 0 E O7-O .2150E 07 
1 .00 0 0 . - 0 . 2 1 5 0 E 07 
T R A ( I N / O U T ) 
0 . 
0 . 
0 . 
0 . 
T R A ( 0 U T / 1 N ) 
0 . 2 0 0 0 0 E 05 
0 . 8 8 2 0 0 E 07 
0 . 5 1 2 0 0 E 07 
0 . 1 3 9 6 0 E 08 
TRA(SM) 
0 . 2 0 0 0 0 E 05 
0 . 8 8 2 0 0 E 07 
0 . 5 1 2 0 0 E 07 
0 . 1 3 9 6 0 E 08 
F L X U N / O U T ) 
0 . 
0 . 
0 . 
0 . 
A) 
3 . 5 4 Q 0 . 4 0 0 0 E 0 6 - 0 . 8 0 0 0 E 06 0 . 6 0 0 0 0 E 05 
3 . 5 4 0 0 .8C00E O 6 - 0 . T 6 4 0 E 07 0 .33200E 07 
3.54- 0 0 . 1 6 4 0 E 0 7 - 0 . 2 1 5 0 E 07 0 .81900E 08 
3 . 5 4 0 0 . - 0 . 2 1 5 0 E O? 0 .8S280E 08 
TIME INTERVAL - 1.O0OOOE-08 - 0 . 2 0 0 0 0 E - 0 7 
DISTANCE C I ENERGY GROUP 
1 .00 0 0 . 4 0 0 0 E 0 6 - 0 . 6 0 0 0 E 06 
1 .00 0 0 . 8 0 0 0 E 0 6 - 0 . 1 6 4 0 E 07 
1 .00 0 0 . 1 6 4 0 E 0 7 - 0 - 2 1 5 0 E 07 
1 .00 O O. - 0 . 2 1 5 0 E 07 
TRA( IN /OUT) 
0 . 
0 . 
0 . 
0 . 
3 .54 . 0 0 . 4 0 0 0 E O6-O.800OE 06 0 . 8 0 0 0 0 E OS 
3 . 5 4 0 0 . 8 0 0 0 E 0 6 - 0 . 1 6 4 0 E 07 0 . 2 0 0 0 0 E 06 
3 . 5 4 0 0 . 1 6 4 0 E 0 7 - 0 . 2 1 5 O E 07 0 . 1 2 0 0 0 E 06 
3.54- 0 0 . - 0 . 2 1 S 0 E O? 0 .40000E 06 
TIME INTERVAL = 0 .200OOE-07 - 0 . 3 0 0 0 0 E - 0 7 
DISTANCE C I ENERGY GROUP 3.54- 0 O.UOOOE Q 6 - 0 . 8 0 O 0 E 06 3 . 5 4 O 0 . 8 0 0 0 E 0 6 - Q w l 6 4 0 E 07 
3 . 5 4 0 0 . - 0 . 2 1 5 0 E 07 
TRA(IN/OUT) 0.20000E 05 0.20000E 05 0.40000E 05 
0. 0. 0. 0. 
TRA(OUT/IN) 0.40000E 05 0.22000E 06 0.60000E 05 0.3200OE 06 
0. 0. 0. 0. 
TRA(0UT/IN) 0. 0. 0. 
0.60000E 05 0.33200E 07 0­8190OE 08 0.85280E 08 
0 . 8 3 6 3 2 E 05 
0 . 8 3 9 9 8 E 07 
0 . 1 0 1 2 9 E 09 
0 . 1 0 977E 09 
TRA(SM) 
0.40000E 0.22000E 
0.60000E 0.32000E 
05 06 
05 06 
FLXIIN/OUT) 
0. 0. 
0. 0. 
0 . 8 0 0 0 0 E 05 0 . 2 0 0 0 0 E 06 0 . 1 2 0 0 0 E 06 0 . 4 0 0 0 0 E 06 
TRA(SM) 0 - 2 0 0 0 0 E OS 0 . 2 0 0 0 0 E 05 0 . 4 0 0 0 0 E OS 
0 . 1 5 7 4 7 E 06 0 .66U31E 06 0 . 8 8 8 9 1 E 06 0 . 1 7 1 0 7 E 07 
F L X ( I N / O U T ) 0 .70Ö01E 05 0 . 2 4 6 2 1 E 05 O .05422E 05 
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TIMOC ( TTS, BY H.KSCHWENDT, EURATOM ISPRA) ** TIME DEPENDENT NEUTRON DECAY IN A C12-SLAB« SAMPLE PRO.NO.3 
TIME INTERVAL = 0. -1.0O00OE-08 
DISTANCE CI ENERGY GROUP 
PER UNIT ENERGY 
1.00 0 0.4000E 06-0.8000E 06 
1.00 0 0.8000E 06-0.1640E 07 
1.00 O 0 . Ï640E 07-0.2150E 07 
3.54 0 0.4000E 06-0.8000E 06 3.54 0 0.8000E 06-0.1640E 07 3.54 0 0.1640E 07-0.2150E 07 
TRAÍ IN/OUT) TRA(OUT/IN) TRA(SM) 
0. 0. 0. 
O.15000E-00 0.39524E 01 0.16059E 03 
0.50000E-01 
0.10500E 02 
0.10039E 02 
0. 0. 0. 
0.50000E-01 0.10500E 02 0.10039E 02 
0.15000E-00 0.39524E 01 0.16059E 03 
FLXÍIN/OUT) 
0. 
0 . 
0 . 
0.20908E-00 
0.99998E 01 
0.19860E 03 
/ ; 
o 
c 
rt 
Ό 
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rt 
TIME INTERVAL l.OOOOOE-08 -0 .2000OE-07 
DISTANCE CI ENERGY GROUP 
PER UNIT ENERGY 
1.00 0 0.4000E 06-0.8000E 06 
1.00 0 0.8000E 06-0.1640E 
1.00 0 0.1640E 07-0.2150E 
TRAIIN/OUT) TRAIOUT/IN) TRA(SM) 
8? 
3.54 0 O.UOOOE 06-0.8000E 06 
3.54 0 0.8000E 06-0.1640E 07 
3 .54 0 0.1640E 07-0.2150E 07 
0. 0. 0. 
0.20000E-00 0.23810E-00 0.23529E-00 
1.00000E-01 O.26190E-O0 0.11765E-00 
0. 0. 0. 
TIME INTERVAL = 0.20000E-07 -0.3O000E-07 
ENERGY GROUP TRA(IN/OUT) DISTANCE CI PER UNIT ENERGY 
3.54 0 0.4000E 06-0.8000E 06 
3.54 0 0.8000E 06-0.1640E 07 
0.50000E-01 0.23810E-01 0. 0. 
1.00000E-01 0.26190E-00 0.1 1765E-00 
0.20OOOE-00 0.2381OE-0O 0.23529E-00 
TRA(0UT/IN) TRA(SM) 
0.50000E-01 
0.23810E-01 
FLXÍIN/OUT) 
0. 0. 0. 
0.39367E-00 0.79085E 00 0.17430E 01 
FLX(IN/OUT) 
0.177OOE-0O 0.29311E-01 
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